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DEPARTMENT OF UEFENSE, MILITARY
RDT&E, NAVY

FY 1983 RDT&E DESCRIPTIVE SUMMARY
February 1982

PREFACE

This is an information document designed for use by Congressional Committees in conjunction with FY 1983 Budget hearings on the
Navy Research, Development, Test and Evaluation, Navy Program. This document contains a descriptive summary for each program
element within the Navy FY 1983 RDT&E Program and for each program element which was funded in FY 1982 but not funded in FY 1983
due to cancellation or deferral of the program. Also included are descriptive summaries for projects of $5 million or more with-
in an element in FY 1982 and/or FY 1983.

Where applicable, descriptive summaries may also include, in addition to RDT&E funds, related procurement costs and quantities,
and funds for the Military Construction program.

Classified pages bear the appropriate security classification. Classified data is bracketed [}hué] .
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FY 1983 RDT&E DESCRIPTIVE SUMMARY
Program Zlement: 61152N Title: In-House Independent Laboratory Research
DoD Mission Area: 510 - Defense Research Budget Activity: I-Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars i{n Thousands)
Total

Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 20,396 21,514 23,337 26,190 Continuing Continuing
MR0O00-01 Navy laboratories 832 839 944 1,064 Continuing Continuing
RRO00-01  Navy Laboratories 1,836 2,246 2,511 2,606 Continuing Continuing
ZR000-01 1In-~House Laboratories 17,728 18,431 19,882 22,520 Cont {nuing Continutng

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: In-house independent laboratory research provides the principal means for in-
house laboratories to stimulate original work in science and technology related to their missions and needs of the Navy,
Objectives are to enhance the creativity and productivity of in-house laboratories, and to attract and retain talented and
creative sclentists.

(U) BASIS FOR FY 1983 RDT&E REQUEST: Work will continue in those fields of sclence most closely related to the Navy’s mission, on
investigations of environmental factors of {nterest to the Navy, and on new concepts relevant to future Navy requirements. As this
is a continuing program, the above funding profile includes outyear escalation and encompasses all work or development phases now
planned or anticipated through FY 1984 only.

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY: (Dollars {n Thousands). The changes between the funding profile shown in the FY
1982 Descriptive Summary and that shown in this Descriptive Summary result from a Congressional reduction to the FY 1982 budget,
The PY 1981 and FY 1983 changes result from refined estimates.

(U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY:

Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
TOTAL FOR PROGRAM ELEMENT 18,941 20,397 21,657 23,257 Continuing Continuing
MR000-01  Navy lLaboratories 784 832 852 918 Continuing Continuing
RR0O00-01  Navy Laboratories 1,392 1,836 2,346 2,452 Continuing Continuing
7ZR000-01  In-House Laboratories 16,765 17,729 18,459 19,887 Continuing Continuing

(U) OTHER APPROPRIATION FUNDS: None,

|
i
[




- = Am——
L
' ——
Program Element: 61152N Title: In-House Independent Laboratory Research
DoD Mission Area: 510 - Defense Research Budget Act{vity: I-Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION: In-house independent Ilaboratory research provides a principal means for in-house
laboratories and centers to initiate and conduct basic research in areas of sclence and technology related to thelr missions and
needs of the Navy. Ob jectives are to quickly exploit ideas originating in the laboratories, enhance the productivity and
expertise of {in-house laboratories, and to attract aand retaln talented and creative scientists. The laboratory environment
provides an opportunity for efficient and rapid technology evolution from concept to research to development.

(U) RELATED ACTIVITIES: This research effort 1s coordinated in a varilety of ways reflecting the anature and level of activities and
interests of different agencies. The overall independent research program is reviewed annually by Under Secretary of Defense for
Research and Engineering. Medical research i{s coordinated through Department of Defense committees and with the National Institutes
of Health and the WNational Aeronautics and Space Administration; oceanographic research with the National Oceanographic and
Atmospheric Adminiustration and the National Science Foundation. Joilnt symposia are held with other military services and goverament
agencles, Coordination 1{s also accomplished through the usual means of professional scientific communication. Relationships are
maintalned with {industr{al research and development, to tnsure transition from successful in-house research results to industrial
development, and to accommodate industrial requests for use of special in~house resecarch facilities for tests and evaluation of
components and Instruments. This is done Iin accordance with official Departmeat of Defense policy on Technology Transfer.

(U) WORK PERFORMED BY: Naval Ocean Systems Center, Saa NMego, CA; Naval Underwater Systems Center, Newport, RI; Naval Surface
Weapons Center, DNahlgren, VA; Naval Weapons Center, China Lake, CA; David W. Taylor Naval Ship Research and Develomment Center,
Bethesda, MD; Naval Civil Engineering Laboratory, Port Hueneme, CA; Naval Air Development Center, Warminster, PA; Naval Coastal
Systems Center, Panama City, FL; Naval Postgraduate School, Monterey, CA; Naval Aerospace Medical Research Laboratory, Pensacola, FL;
Naval Dental Research Institute, OGreat Lakes, IL; Naval Health Research Center, San Diego, CA; Naval Medical Research Institute,
Bethesda, MD; Naval Medical Research Unit #2, Taipei, Taiwan; Naval Medical Research Unit #3, Cairo, Egypt, Navy Personnel Research
and Development Center, San NDiego, CA; Naval Submarine Medical Research Laboratory, Groton, CT; U.S Naval Academy, Annapolis, MD,

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: A major advance was made in the prediction of armor penetration of a shaped-charge jet for
a varlety of armor systems. A submarine-adapted computerized patient monitoring system has been developed. Photodecomposed mercuric
bromide was made to lase in the blue-greean spectral reglon. Methods have been developed for rapid testing, data-recording and on-
line data analys{s of human hrafn wave responses to visual or auditory stimulation. The feasibility was demonstrated that a liquid
prepolymer can be cured reproducibly to a rubber state by x-~rays in the presence of energetic wmaterials, to form a binder matrix. A
1ight scattering technique has been successfully developed to measure microbubbles in the range of 10 to 100 microns in a water
tunnel, which s a signifficant new tool for the dynamics of the cavitation process. A new procedure was developed for the
quantification of carboxyhemoglobin and methemoglobin in blood, compounds that are indicators of fire gas intoxication. The value of
hyperbaric oxygen therapy for rvestoration of noraal functlon after gpinal cord injury was demonstrated. It has been ohserved that
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Program EZlement: 61152N Title: In-House Independent Laboratory Research
DoD Mission Area: 510 - Defense Research Budget Activity: 1-Technology Base

eye color can serve as a predictor of susceptibility to temporary and possible permanent hearing loss. A feedback control method was
developed to assure high—quality weld properties in metals using infra-red sensing of weld metal cooling rates. A highly accurate
finite-difference solution to the acoustic wave equation that includes variable sound velocity profiles and multiple layers
(interfaces) in the ocean has Yeen developed. A finite-element method, of extremely high accuracy, has been developed to compute the
electric fleld on an axisymmetric shape moving in a flutd (n the earth’s magnetic fleld. Vanadium silicide microbridges have been
fabricated which show Josephson Junction action at 8 degrees Kelvin. Operation at 10 degrees Kelvin is anticipated. Annealing
procedures were developed for certain magneto-strictive amorphous Ferromagnets which substantially enhance their transduction
properties. Magnetomechanical coupliag factors greater than 0,9, far surpassing that of curreatly used piezoceramics, have been
achieved. A procedure known as the method of additive properties has been developed to accurately predict polymer properties. Two
species of microorganisms have been shown to have morbidity to the economically {mportant marine borer Limnoria. Both appear to
comprise no threat to other types of marine organisms and thus have promise as a non-toxic mechanism for blological control of marine
borers on Navy wooden structures in seawater. Fundamental investigations of the role of venting in 1{nternal blast phenomena,
together with carefully controlled experimentation, have lead to significant improvements in the performance of reactive metal anti-
ship missile warheads. A method for measuring the fatigue damage in aluminum under random loading has been developed using x-ray
diffraction techniques. Investigations of the physical processes associated with damage to optical surfaces of metals and
dielectrics caused by high intensity laser radiation, together with experimentation on optical surface finishing and multilayer
dielectric €ilm deposition technology, have yielded optical components with scattering reduced by an order of magnitude and with
damage resistance Llmproved several-fold over those previously available. An enhancement mode metal-insulator-semiconductor field
effect transistor showing both good low frequency performance and microwave power gain has been fabricated. WNew algorithms and error
models have been developed for estimating inertial navigation system errors with the new Global Positioning System. The first charge
coupled device other than silicon has been built of indium phosphide which should have higher speed and hence wider applications than
silicon devices. The nature of hot spots In an explosive has been identified in terms of specific molecular bond disruptions for the
first time. Processing and filtering techniques have been devised to enhance submarine sonar signatures affected by muliple bottom
sediment layers. An experimental continuous wave doppler radar operating at 95 Ghz has demonstrated unique target identification and
electronic warfare applications, Fourifer-transform 1{infra-red investigations have fmproved understanding of surface phenonena
tmportant ro the understanding of explosives sensitivity.

2. (U) FY 1982 Program: Research durlng this period involves individual projects at many research facilities and covers areas of
science and technology of interest to the Navy. The current program represents a coming together of the ideas of in-house sclentists
and the knowledge of fleet problems as expressed by Laboratory Commanding Officers, Laboratory Technical Directors, their staffs and
other {nputs from the operating forces., Projects include work on materfals and structures; electronics; underwater acoustics
including the reduction of radlated sound from submarines; drag reduction for torpedoes and ships; environmental investigations;
command and coantrol; high density energy sources; and areas of personnel research.
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Program Element: 61152N Title: In-House Independent Laboratory Research
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3. (U) FY 1983 and FY 1984 Planned Program: Work will continue in those fields of science most closely related tn the Navy’s
mission, 1in 1investigations of environmental factors of interest to the Navy, and in new concepts relevant to future Havy
requirements. Since funds are used at the discretion of the Technical Directors to fund original work of interest to the Navy,
inftiated at times not necessarily in consonance with the budget cycle, the individual work uaits «hich will be active in the next
year cannot be predicted in advance.
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1-Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total

Subelenent FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 221,022 254,705 290,051 318,860 Continuing Continuing
11 General Physics 26,696 30,479 33,853 36,897 Continuing Continuing
12 Radiation Sciences 3,604 3,000 3,495 3,718 Continuing Continuing
13 Chemistry 15,118 17,073 19,486 21,907 Continuing Continuing
14 Mathematical Sclences 18,707 21,750 28,229 30,709 Continuing Continuing
21 Electronics 22,457 27,051 27,727 29,010 Continuing Continuing
22 Matertals 19,867 24,210 25,759 29,194 Continuing Continuing
23 Mechantics 14,868 18,203 20,003 22,362 Continuing Continuing
24 Energy Convevsion 9,193 9,987 12,545 14,097 Continuing Continuing
31 Oceanography 43,088 51,139 51,768 58,653 Continuing Continuing
32 Terrestrial 3ciences 12,706 14,415 17,536 19,272 Continuing Continuing
13 Atmospheric Sciences 6,221 6,446 6,805 7,469 Continuing Continuing
34 Astronomy and Astrophysics 3,907 4,013 4,295 4,700 Continuing Continuing
41 3i{ological and Medical Sciences 16,316 17,859 17,619 19,689 Continuing Continuing
42 Behavioral and Socfal Sciences 8,274 9,080 10,931 11,183 Continuing Continuing
51 University Research Instrumentation 0 ¢} 10,000 10,000 Continuing Continuing

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: The purpose of this element is to sustain U.S. scientific and technological
superiority and to be a source of new concepts and technological options for the maintenance of naval power and national security.
The program 1includes theoretical and experimental research in selected areas of the physical, engineering, environmental,
behavioral and life sciences.

(U) BASIS FOR FY 1983 REQUEST:

Implewent a research program that has a broad programmatic approach and uses an investment strategy which:
* carrles out research in selected fields of crucial importance to the Navy/Marine Corps and national security;
* maintains awareness of emerg’ng scientific capabilities and their implications as a deterrent to technological surprise;
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Program Element: 61153N Title: Defense Research Sciences

DoD Mission Area: 510 - Defense Research

*
*

*

*
*

*

Budget Activity: 1-Technology Base

retains a vigorous scientific manpower and laboratory base;

promotes the dissemination and applications of new knowledge for timely use in naval systems, operations, and environmental
support;

balances long-term basic research with significant applied research efforts oriented to specific naval technological or
operational needs;

develops larger, more focused and more visible programs;

strengthens ties between universities, industry, and {n-house laboratory activities through well coordinated program plans

and execution; and .
allows flexibility to capitalize on new research opportunities immediately.

As this is a continuing program, funding in FY 1984 {ncludes escalation and encompasses all work or development phases planned or
anticipated through FY 1984 only.

(U) COMPARISON WITH FY 1982 PROGRAM ELEMENT DESCRIPTIVE SUMMARY: (Dollars in Thousands) The decrease of 394 in FY 1981 results

from refinement of cost estimates including escalation indices. The reduction of 9,415 in the FY 1982 is due to Navy and
Congressional reductions. As a result of these reductlons, Several major programs were either eliminated or reduced in size.

Examples of these include:

*

Alternate Weather Forecasting Techniques: (FY 1982 eliminated 600). A research program that would have examined physical
mechanics by which solar events influence weather and climate changes. This could have enhanced battle group weather
forecasting capabilities.

Robotics and Advanced Automations: (FY 1982 reduction of }1000). A program to {ntegrate the fields of robotics and
artificial intelligence to provide the Navy with highly advanced automation {n the areas of weapons systems design,
fabrication and maintenance; expert consulting systems for other decision making; and autonomous robots for hazardous or
dangerous tasks.,

Ultra Submicron Electronics: (FY 1982 reduction of 760). A research effort to examine electronic materials, fabricatfon
processes, device properties, circuit design, systems archit_ctures, etc., resulting in electronic components which are
vastly more efficient, more compact, and more computationglly powerful than currently planned electronic devices.

Other reductions impacted several other research program areas. Examples of these efforts include:

*

»

reduced support for combinatorics (mathematical investigation of arrangements, operations, and selections of elements

within large but finite systems);
reduced efforts in classical operations research topics, such as scheduling and queueing;

reduced support for research in Josephson Junction devices; and
reduced support for research into radiation hardening techniques against single event upsets in very large scale

integration circuits.
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m Element: 61153N Title: Defense Research Sciences
ssion Area: 510 ~ Defense Research Budget Activity: 1-Technology Base

‘ojected FY 1983 reducttion of 23,208 is the result of reductions throughout the five-year planning process. Slight increases
‘tain subelements reflect plans to optimize resource allocations for high priority programs in accordance with the research
.ng process. Emphasis will be given to multidisciplinary research projects which address key issues. New program starts for
33 include:

' Subelement 51 ~ "University Research Instrumentation”. (FY 1983 funding of 10000). A new subelement will be established
to address university equipment needs for major items (>100K per {tem). These equipment needs could not be satisfied under
past funding levels which focused nsn individual principal investigators vice ianstitutional needs.

' Digital Architecture for Very Latrge Scale Integrated Circuits. (FY 1983 funding of 1000). A basic research program to
create a knowledge base and a set of computer-based tools to aid the desizn of special purpose Very Large Scale Integrated
devices. This effort will provide digital architectures and algorithms for use itn the DoD Very High Speed Integrated
Circult program.

' Learning And Memory. (FY 1983 funding of 1320). A multidisciplinary program to develop experimentally verified theories
of neural network functioning that accounts for aspects of human perception, learning, and memory. This will make it
possible to traln individuals to very high skill levels in a minimum of time and to allow more of the work force to enter
highly skilled job flelds necessary to maintain and operate complex naval equipment.

f High Power Microwave Research. (FY 1983 funding of 700). A research program to develop the technical underpinning for the
development of high power microwave sources and diagnostic schemes for atmospheric and target interactions. This effort
will contribute to the accurate assessment of the potential for high power microwaves {n electronic warfare,
countermeasures, and weapon applications. Thig effort {s tied to a substantial industrial Independent Research and
Development program. . )

' Cooperative Research with CNM Laboratories. FY 1983 funding of 1250). A program to buildiag up the basic research
elements within the Naval Material Command laboratories and centers by bringing the Contract Research Program into closer
working relations with the research in these laboratories.

* Enclosed Atmosphere Control. (FY 1983 funding of 500). An investigation to reduce submarine detectability.

* Chemical Warfare/Biological Warfare Defense. (FY 1983 funding of 1250). An effort to provide the technical base for long-
range sensors/alarms necessary to detect CW/BW agents at sea and seawater compatible decontamination processes and
naterials.

* Naval Research Graduate Fellowship Program. (FY 1983 funding of 1000). A new program to provide Graduate Fellowships to
encourage U.S. citizens to seek graduate education in selected areas of sclence and engineering considered critical to the
Navy.

* Kilojoule Advanced Research Laser. (FY 1983 funding of 1500). Design and construction of a versatile high energy gas
laser capable of both e-beam and discharge excitation which will provide a pulsed laser for damage studies and controlled
energy deposition on surfaces. A varlety of experiments in areas such as beam control, spectral control, and alr coatrol
will be performed in support of strategic laser communicatfon and directed energy weapons applications.




Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1-Technology Base

* Spacecraft Survivability. (FY 1983 funding of 800). An effort that will characterize the radiation/threat environment
affecting spacecraft operation and identify mechanisns of component degradation. These efforts are required for the
development of rew techniques to enhance spacecraft survivability such as damage tolerant electronic devices and hardened
power sources.

* Shallow Water Geologic and Acoustic Research. (FY 1983 funding of 300). A program to characterize geologic parameters
such as bottom roughness, morphology, and sedimentation in shallow water environments and their effects on acoustic
propagation.

* Afrborne Acoustic ASW Processing and Tracking. (FY 1983 funding of 300). An effort to improve the performance of
afrborne, acoustic underwater surveillance by developing a systematic methodology for simultaneous optimization of
processing and tracking which will permit earlier detection and quicker destruction of quieter, faster submarines.

Programs that started in FY 1981 and 1982 and are undergoing major expansions (greater than $1 million) in FY 1983, (The amounts
shown are the increases to these programs in FY 1983):

* Science Base for Materials Processing. (FY 1983 funding expansion of 2943), Determine mechanisns affecting material
micro--+ cture and its relationship to desired properties under conditions related to new materials processing techniques
such as -apid solidtification processing, electronic materfals synthesis, and powder forming, thus taking advantage of the
lactest advancements in materials technologiles in next generation systems.

* Energetic Materials Synthesis and Behavior. (FY 1983 funding expansion of 1829). Synthesis and characterization of
.dvanced materlals (high density "diamond-like" nitramines and energetic thermoplastic elastomers) for higher performance
~iplosives and propellants; modeling of ultra-fast phenomena (inter- and intramolecular energy transfer) for predicting
controlling susceptihility of an explosive or high energy propellant to detonation by accident or enemy action.

* 50lid Dielectrics and Electrolytes. (FY 1983 funding expansion of 2074). Determine characteristics (such as conduction,
electrolyte formulation, breakdown, and resonance) of polymeric ionic conductors and high dielectric constant materials
which could allow development of solid state batteries and tncreased minfaturization in microelectronics.

* Life Assurance. (FY 1983 funding expansion of 1532). 1ldentification and characterization of factors (such as wear and
fracture wmechanisms, contact fatigue, and NDE techniques) which affect 1life prediction methodologies for high performance
materials {n such applications as turbines and batteries.

* Marginal Sea Ice Zone Experiment. (FY 1983 funding expansion of 1400). Measuremeats and model development to determine
effects of fronts, air-sea interaction, ice properties, and biologlcal characteristics on ice ocean dynamics and acoustic
propagation in the Marginal Sea Ice Zone in the eastern Arctic.
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Priority will also be given to research in areas of critical naval needs or in expanding fields of high sclentific opportunity

such as:
* marine materfals
* {nformation technology and computer science
* artificial intelligence
* reliability and maintainability of systems
*

submarine warfare

physical oceanography and its relation to anti-

* % % ¥ ¥ ¥

human factors engineering
cold weather physiology
electronic warfare
electronic devices
command and control
vehicle performance

The new thrusts or expansions will bhe supported by reallocation of resources from areas of reduced emphasis/terminated programs oc
completed/transitioned programs, including:

* low frequency magnetostrictlve transducers
(transitioned)

* linear fault analysis for digital electronics

(transitioned)

* rechargeable lithium batteries for high energy

density primary energy sources for lead
acid battery replacement (completed)
impact damage assessment methodology for

*

composite aircraft structures (transitioned)

*

*

*
x

*

* development of an Air Deployed Oceanographic Mooring
which has 200 sensors, usable for one year, having

gatellite relay data link (transitioned)

advanced survelllance techniques including new tracking algorithms
for E2C alrcraft (transtitioned)

laser assisted metal working techniques to enhance productivity in
the areas of welding, drilling, and heat treating (transitioned)

incorporation of fog models into forecasting codes (completed)

principles for designing 3-D displays for use {n vehicle control
and mcnipulator comtrol (completed)

diviag physiology research (reduced emphasis/terminated)

Lastly, reductions to the research funding have necessitated deferring the start and/or delaying completion of some programs.
Examples of these programs include:

* gurveillance and tracking, target detection,

identification and classification
* field effect transistor integrated optics
* ultra low-low glass fibers
* target strength/radiation sound
* extreme low frequency bioeffects

* propulsors and advanced solid propellant combinations
* ghi{p hull - propeller interaction
* harbor shoaling/flow
* adhesion sclence/technology
* lager bioeffects
* bubble layer silencing and ASW acoustic/non-acoustic research
9
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(']} FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY:

Defense Research Sciences

Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
TNTAL FOR PROGRAM LLEMENT 196,000 221,416 264,120 313,259 Continuing Continuing
11 General Physics 23,925 26,743 31,424 34,970 Continuing Continuing
12 Radiation Sciences 3,091 3,625 3,886 4,442 Cont{nuing Continuing
13 Chemistry 11,468 15,177 17,706 21,379 Continuing Continuing
14 fathematical Scilences 15,297 18,742 23,348 29,036 Continuing Continuing
21 Flectronics 19,378 22,471 27,960 33,618 Continuing Continuing
22 Matertals 18,214 19,954 24,315 28,126 Continuing Continuing
3 Hechanles 13,747 14,919 18,349 21,7346 Continuing Continuing
24 Fnergy Conversion 9,092 8,478 10,471 12,922 Continuing Continuing
31 Oceanography 39,322 43,310 51,718 57,862 Continuing Continuing
32 Terrestrial Sciences 11,207 12,711 15,106 19,676 Continuing Continuing
33 Atmogpheric Sciences 5,701 6,251 7,282 8,168 Continuing Continuing
34 Astronomy and Astrophysics 4,270 3,929 4,276 4,813 Continuing Continuing
41 3{nological and Medical Sciences 15,052 16,3172 18,7613 24,099 Continuing Continuing
42 Behavioral and Sncial Sciences 6,236 8,674 9,516 12,802 Continuing Continuing
10
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Program Element: 61153N Title: Defense Research Sciences
DoD Missfon Area: 510 - Defense Research Budget Activity: l-Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION: This research effort is the primary means for deriving scientific understanding and the
requivred technologies underlying improvements in Navy capabilities and operations. Increased research is required both to reach
technological parity in some areas and gain/maintain technological superlority in others. Research is directed to search out,
assess, and exploit potential scientific solutions to known near- and long-term naval problems. Corresponding to the broad
spectrum of technical content of naval operational needs, investigations are conducted in the fundamental science areas of:

* General Physics * Energy Conversion

* Radiation Sciences N * Oceanography

* Chemistry * Terrestrial Sciences

* Mathematics * Atmospheric Sciences

* Electronics * Astronomy and Astrophysics

* Materials * Biological and Medical Sciences
* Mechanics * Behavioral and Social Scilences

(U) RELATED ACTIVITIES: See individual Subelement Descriptions.

(U) WORK PERFORMED BY: Performers include various university, industry, not-for-profit institutions, and i{n~house laboratories.
About 50% of the funding goes to universities, 38% to in-house, and 12X to industry. See individual Subelement Descriptions.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

. (W) FY 1981 and Prior Accomplishments: Significant progress has been made in many areas of the research progran. The
following provides a highlighted list of these accomplishments:

* operated and applied the first submicron resolution cryogenic scanning acoustic microscope;
* produced new computer data base architecture ideas which, 1in simulations, show dramatic improvements 1in speed and
throughput over previous designs;

* demonstrated the use of surface heat pulses and active feedback control for the cancellation of naturally occurring
fastability waves 1in laminar boundary layer flows which could have an enormous impact on retarding the transition to
turbulent flow with reductions to fluid dynamic dArag and self noise of ships and submarines;

* pstablished the potential for acoustic tomography as a technique for acoustic remote sensing of internal ocean dynamics by
performing experiments which verified the stability and identification of acoustic paths and related travel times;

* dJetermined the strength of gradients of physical parameters across ocean fronts using the Ocean Froants Experiment {n the

North Central Pacific;

11
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*

*

*

synthesized new electrostrictive materials for transducer and microdisplacement applications, such as high sensitfvity
SONAT Sensors;

established a new field of research in conducting polymers with potential applications, including the development of high
energy density batteries and lightweight camouflage, shielding, and electronic matertials;

produced a primary reference catalog of astronom{cal x-ray sources which will contribute to increased navigational
rellability under adverse conditions requiring nonvisihble light navigation;

demonstrated the feasibility of new signal processing technique, 1inimum cross entropy, which will improve communications
in famming and high density slgnal envlironments;

demonstrated a technique for electronically stimulating organized regeneration of mammal hone and nerve tissue;
demonstrated the use of Solar Wind Satellite coronagraphy data to study causes of magnetospheric/geomagnetic responses, an
apprnach which will allow the ohservation of coronal plasma {rregulaviti{es and the ejection of coronal clouds from the sun
resulting in improved ability to predict communication disruptions;

identified linkages between encoding, processing, and response modalities and refined methods for predicting informattion
processing workload;

complated reseacch in rechargeahble lithium batteries for high energy density primary energy sources for lead acid battery
replacement; and

developed princinles required to desizn 3~D displays for use {n vehicle and manipulator coantrol systems.

“xamples of research projects that have been completed during FY 1981 and transit{oned into either Exploratory Development,
Advanced Development, or other activities include:

*

*

*

conpleted an assesgmaent nethodology for inmpact damaga of composite aircraft structures; transitioned to Exploratory
Development;

coapleted the open ocean version of an Afr Deployed Oceanographic ‘ooring which has 200 sensors, is usable for one year,
and has a satellite relay data line; transitioned to Advanced Development;

completed research in laser assisted metal working techniques to enhance productivity in welding, drilliing, and heat
treating; transitioned to manufacturing technology;

conpleted research in low frequency magnetostrictive transducers using single crystal and polycrystalline materlals;
rrangsitioned to Exploratory Development; and

completed research tn linear fault analssis for digital electronics; traasitioned to Exploratory Development.

Addittional FY 1981 accomplishments ire provided in individual Subelement Descriptions.

2, (D

FY 1982 Program: Sec Individual Subelement Descriptlons.

12
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for future naval requirements. The individual Subelement MNescriptions provide

1-Technology Base

the broad range of science and technology necessary

details of the planned programs.
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(U) DETAILED BACKGROUND AND DESCRIPTION: Experimental and theoretical research in physics is directed toward physical phenomena,
materials, structures, processes, and measurement techniques underlying Iimmediate and long range Navy/Marine Corps requirements
and capabilities in weapons, weapons platforms, sensors, communications, surveillance, anavigation, countermeasures, assessment of
weapons effects, and characterization of naval environments. Ma jor program thrusts are in solid state physics; atomic and
molecular physics; radiation, optics and laser physics; physical and underwater acoustics; geophysics, plasma and tonic physics;
and superconductivity.

(U) RELATED ACTIVITIES: Interservice coordination i{s provided, 1{in part, through reviews by the Office of the Under Secretary of
Defense for Research and Engineerfing and through Navy representation on: lnteragency committees on plasma physics, atomlc physics,
lasers, materials, electronics, and cryogenic refrigeration which effect coordination throughout all federal prograns in these
areas; the Solid State Sciences Committee of the National Academy of Sciences; Working Groups on Microwave Devices, Low Power
Devices, TImaging and Display Devices, and Laser Devices of the Department of Defense Advisory Group on Electron Devices. The
Laser program is closely related to and complements those of the Navy Systems Commands, Army, and Afir Force. Close coordination
is also maintained with Defense Advanced Research Projects Agency programs on free elactron lasers, gas lasers, solid state
lasers, and related sclence and technolugy. Coordination is maintained with the Defense Nuclear Agency in the areas of atomic,
molecular and plasma research as they relate to weapons effects, and with the Army Research Office (Durham), the Air Force Office
of Scientific Research, the National Science Foundation, the National Aeronautics and Space Administration, the Department of
Energy, and with Navy and other military laboratories. Information exchange with foreign nations is effected through the North
Atlantic Treaty Organization, by participation in the Tripartite Techanlcal Cooperation Program, and through various defease
exchange agreements. This participation also {nvolves interaction with the Office of the Under Secretary of Defense for Research
and Engineering and with the other services.

(U) WORK PERFORMED BY: (Representative) (1) Academic: University of California, Berkeley, CA; Massachusetts Institute of
Technology, Cambridge, MA; University of Arizona, Tucson, AZ; Unfversity of I[llinois, Chicago, IL; University of Texas, Austin,
TX; {(2) Industrial: United Technologies, East Hartford, CT; IBM Research Laboratories, Yorktown Heights, NY; Sclence
Applications, 1Inc., Palo Alto, CA; (3) Non-Profit: SRI International, Menlo Park, CA; American Institute of Physics, New York,
NY; (4) In-House: Naval Research Laboratory, Washlngton, NC; Naval Surface Weapons Center, Silver Spring, “D.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Accomplishments under this subelement include: essential contributions to infrared and
laser technology, cryogenics, superconductivity, magnetic materials and sensors, transducer technology and high temperature
acoustics, gaa discharge devices, and assessment of nuclear weapons effects; relativistic electron beam techniques for generation
of high power microwaves, millimeter and infrared waves; rare gas halide lasers with efficient Ramaa coaversion to visible
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wavelength; selective separation of rare earth elements from liquid solution via laser photoreduction; magnetic mirrors for the
ring laser gyroscope; and achievement of coherent emission from Josephson Junction arrays for frequency synthesizer applications.
Demonstration of thigh power laser heam improvement technique by Stimulated Raman; first radio frequency transversely excited
excimer laser; discovery of a new phase in n-alkane and pressure Induced changes in energetic chemical solutions; determination of
physical mechanisms responsible for decomposition of energetic materials using picosecond optical pulses; drawing of fluoride
glass fibers from materlals with potential for extremely low attenuation; demonstration of laser-induced charge-transfer
collisions; operation and application of the first submicron resolution cryogenic scanning acoustic microscope; demonstration of
very high speed switching (picoseconds) in electronic devices by modelocked lasers; {improved radiation hardness in optical fibers
by photobleaching; generation of 1 megawatt at a wavelength of 400 micrometers with a free electron laser; theory of
electromagnetic radiation at very 1low frequency and at kilometric wavelengths from the quiet and disturbed auroral arcs;
successful fabrication of a 400 Josephson .Junction series array for digital superconductive electronic studies; construction of a
unique wminiature non-magnetic 4.2 degree Kelvin cryocooler; demonstration of the role of surface roughness {n the glgaatic
enhancement of Raman Scattering from adsorbed molecules on metal surfaces; clarification of processes involved in Kapitza
resistance; determination of structure of metallic glasses; T-matrix methods for scattering from submerged objects; developed new
two-atage spatial filter; developed a unified matched filter theory; first demonstration of optical discrete Fourier transform
ptocessor; first demonstration of optical calculation of Hankel transforms; developed an acoustically modulated fiber optic
interferometer for radfatfon absorption measurements; flrst successful experiment and validated theory of photo-excited mercury
cadmium telluride mobilities; first demonstration of resonant pumped cascade solid state lasers; and first rare earth laser
transition longer than 3 micron - 3.9 micron in holmium; first dual wavelength laser (0.75 and 0.85 micron) using two rare earth
activators; demonstration of continuous wave laser action of the first special color center, (Fz) A, in lithium doped potassium
chloride; discovery and characterization of (F;) A centers in potassium brouride, potassium fodide, and rubidium Lodide (Rbl); and
achievement of broadly tunable laser action beyond 3 nmicron from (Fg) A centers in lithium doped potassium fodide.

2, (U) FY 1982 Program: Current research under this subelement maintains emphasis in areas considered to be of continued
importance to the Navy: Solid State Physics - efforts focus on basic electronic, magnetic, optical, structural, and thermal
properties of solids offering potentfal for Ilmprovements in navigation, communications, surveillance, and electronic warfare
systems; emphasis continues on the electronic structure 2f semiconductors with emphasis on surfaces, {interfaces and defects; new
emphasis on computations of thermodynamic properties from first principle models; investigation of the physics of random systems
with new thrust in macromolecular physics and picosecond laser spectroscopy of semiconductors. Atomic and Molecular Physics -
continued investigation of atomic and molecular species to understand their properties and effects on systems {n the military
environment and to facilitate their optimum utilization for design of new systems; new emphasis is on low-temperature hydrogen
masers; rveconclliation of theoretical 1limits with experimental results for laser cooling of trapped ions; measurement of
vidbrational-rotational 1linewidths o permit a test of procedures to obtain detailed state-to-state rotational relaxation rates;
determination of inelastic cross sections for collisions involving Rydberg atoms; and structural investigations of 1intercalated
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Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

compounds, of metallic glasses, of materials important to energy problems, and of substances of interest in physiological oxygen
transport. Radiation and Optics, and Laser Physics - continued emphasis on efforts to improve efficiency, stability, and lifetime
of laser sources, especially in the blue-green region; investigation of new approaches for coherent sources, filters and detectors
for the blue-green, vacuum ultraviolet, and x-ray reglons; utilization of ultra-short-pulse tunable laser sources for
investigations of transfent effects in matter and in photo-chemical reactions; Investigate optical processors for Electronic
Warfare, Radar, and Sonar applications; examination of radiation damage susceptibility of materials, which may be exposed to
severe radiat{on, and investigation of methods to reduce this susceptibility; new emphasis on evaluation of critical {ssues in
two~stage low-voltage free-electron lasers as potentlal high power tunable sources; examine color center lasers far beyond &
micron for continuous wave and flashlamp pumping nmeasurement of kinetic rates limiting new pulsed laser concepts; development of
non-silica glasses for ultra-low-loss fibers; investigation of noise sources in fioer optic systems; surface—enhanced Raman effect
studies; 1investigation of non-linear optical techniques for microscopy of biologlcal materials; evaluation of conjugate wave
processing techniques for correcting optical inhomogeneitfes in gaseous lasers and other media; and {nvestigation of laser gas
cooling techniques for study of cond ation ph na. Acougtics - continuing emphasis on fundamental acoustic phenomena,
techniques and devices; investigation of calibration methods for parametric transducers, spectral Interactioas, and elastic
constants of solids; techniques for acoustic nondestructive evaluation of materials and structures; evaluation of the i{nteraction
of acoustic waves with complex submerged objects; Investigation of anechoic and decoupling materials and mechanisms; description
of the interaction of acoustic waves with a medium having complicated sound speed structure and topographical boundaries;
investigation of optical techaiques for sound field visualization and for acoustic detection; new emphasis on determination of
internal structure and dynamics of media from analysis of propagation of acoustic signals. Plasma and Ionic Physics -~ continuing
efforts on Interactions of electrons, 1ions, molecules, atoms, and photons involved in fonospheric processes, pulsed power
techniques, gas discharge devices, and laser systems; on autoacceleration and automodulation of intense relativistic electron
beams; on collective acceleration of ions and collective wave generation via free-electron laser and maser amplifying mechanisms
for, powerful, tunable, and compact radiation sources; and on examination of propagation of electron and ion beams in air.
Superconductivit - continued effort on characterization of arrays of superconducting junctions in terms of parameters {mportant
for applications such as parametric amplification, frequency conversion, logic switching, Information storage; on sensitive,
broadband magnetic and electromagnetic sensors; on a search for higher~transit{on-temperature and higher-critical-magnetic-field
superconductors; new emphasis on the properties of sub-micron, thin-film, homogenous and inhomogenous superconductive materials
for device applications.

3. (U) FY 1983 and FY 1984 Planned Programs: The major program thrusts will be mnaintained with adjustments as follows:
Solid State Physics =~ extension of the first principles program for calculation of thermodynamic properties of crystalline
materials to Include ceramics; utilizatfon of nonlinear laser spectcroscopy as a means to obtain quantitative measurements of
elementary excitations and electronic defects in semliconductors; calculations of electronic properties of defects and defect
clusters in semiconductors as related to device performance; investigations of solid state aspects of ultra submicron electronics;
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increased effort on macromolecular physics; {investigations on random systems :directed to problems of energy transport, and to
elucidation of alloy properties; and synthesis of novel stable and metastable magnetic materials and structures {ncluding the
preparation of composite materials by molecular beam epitaxial techniques for applicatinn tn microwave and optical devices;
stulies of laser initiated chemical reactions at semiconductor surfaces, Atomic and Molecular Physics - evaluation of candidate
tons for stored ion spectroscopy applications to precision timning; investigation of the performance of a superfluid-helium-wall
hydrogen maser; an attempt to apply laser cooling techniques to a neutral atomic/molecular beam; studies of state changing
collisions for Rydberg atoms interacting with lons and electrons; application of laser techniques to the determinatinn of cross
sections and rates for atomic and molecular collisions; development of understanding of the atomic and molecular processes
involved in explosion initfation in energetlic materfals; and x-ray, electron, and neutron diffraction structural determinations of
device materials, antibiotics and energetic matertials. Radiation, Optics and Laser Physics - Investigate real-time 1image
processing techniques; development nf compact high performance optical processors; Lavestigate non-linear and magnetic effects for
optical processors; theoretfcal and experimental analysis of saturatfon and absorption in selected narrow gap materials;
calculation of optical heating 1in extrinsic silicon at 5 K; demonstration of extremely broad laser action using crystals
containing multiple lasing sgpecies; application of tunable color center lasers towards fundamental problems in spectroscopy;
investigate new 1lasers using resonant pumping; finvestigate mid-infrared laser sources using flashlamp pumped rare earth doped
solids; attempt to achleve laser gatn in the extreme ultraviolet; application of conjugate wave processing techniques in optical
and real-time holography; development nf Kilojoule excimer lasers; determination of limitations for laser chemistry imposed by
basic molecular physics considerations; development of materfals for higher speed and higher efficiency optical microcircuits;
investigate optical limiter concepts for optical countermeasure applicatfons; and investigation high speed semicoaductor devices
using picosecond optical probes; and development of new fluoride glasses for ultra-low-loss optical fibers. Acoustics - emphasis
on fundamental research in nonlinear acoustics; development of acoustic techniques for measurement of physical properties of
various liquids and solids; 1{investigations of higher resolution scanning acoustic microscope through use of lower cryogenic
temperatures; increased emphasis on 'acoustic field and tomographic visualization including techniques for 1imaging three-
dimensional fields; increased emphasis on techniques for control and analysis of acoustic scattering by complex submerged objects;
and advanced approaches to underwater acoustic transducers, anecholc coating (acoustic decoupling), materials technology, target
echo exploitation, and underwater acoustic propagation as influenced by ocean dynamics. Plasma and Ionic Physics - continue
emphas{s on electron beams; search for new sources of pulsed electromagnetic power over broad spectral regions; Investigate new
types of compact high-gradient electron and fon accelerators; examine compact energy storage concepts such as homopolar
generators; and computer wodel the dynamics ot coupled plasma systems. Superconductivity - increased emphasis on the properties
of sub-micron, thin-film, homogenous and inhomogencus superconductive materials and on new concepts for minlature cryocoolers; and
continued emphasis on digital superconductive devices and systems.
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4. (U) Resources:

Subelement 11

61153N

Title
General Physics

Title:
Title:
Budget Activity:

General Physics
Defense Research Sciences

1 - Technology Base

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Cost
26,696 30,479 33,853 36,897 Continuing Continuing
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(¢} DETAILED BACKGROUND AND DESCRIPTION: The Navy must he capable of operating in hostile radlation environments from nuclear
weapons, nuclear power sources, directed energy weapons, and natural radiations in space. The Radtatinn Sciences Suhelement
addresses the problems associated with these radiat{on environments in the following ways: (1) our understanding of the baslc
physics of the interactions of x rays and charged particle beams with matter and the production of damage by these radiations in
materials and devices is extended by both experiments and development of the theory, (ii) the vulnerability of advanced materfals
and devices 'Is measured by actual testing with radiation sources, and (1ii{) measurements are made on the characteristics of
various radiation sources to improve cair understanding of how hostile radlation environments can be simulated in the laboratory.
The Radiation Sciences Subelement also explores ways in which radiation can be used beneficially either to analyze materials and
surfaces or to modify their properties. In addition, experimental and theoretical work is performed under this subelement on
advanced concepts for measuring the intensity and energy spectrum of radiatfons in various military applicatioas.

(U) RELATED ACTIVITIES: The research in this Subelement is coordinated by several means: through Department of Defense reviews
sponsored by the Under Secretary of Defense for Research and Engineering; through collaborative efforts between sclentists from
DOD, other government, private Industry and university laboratories; for example electron and x-ray transport calculattions with
the Air Force Weapons Laboratory and the Natfonal Bureau of Standards; analysis of amorphous surface layers on metals produced by
laser irradiations with Bell Laboratories; and hydrogen embrittlement of metals with Pennsylvania State University; through close
relationships between research projects and applied problems; for example charge recombination in {nsulators as a function of
photon energy - these results are related to work on radiation hardness sponsored by the Defense Nuclear Agency; and through
representation on technical committees and working groups such as the Defense Nuclear Agency Program Review Conmittee for
Transient Radiation Effects in Electronics, the National Aeronautics and Science Administration - Air Force Space Divisloa Space
Parts Working Group, and the DOD - National Science Foundation - Department of Enerygy Interagency Advanced Power Group,

(U) WORK PERFGRMED BY: In-House: Naval Research Laboratory, Washington, D.C.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Surface properties of metals (such as sliding wear resistance, fatigue resistance,
and corrogsion resistance) have been found to be substantially improved by the fmplantation of selected ion species to relative
atomic concentrations of about 10% to 20% in the outermost 25 nano-meters to 100 nano—meters of the material. A transftion of
some of the fon fmplantation research to 6.2 Exploratory Development was made and was followed by the installation of implanted
bearings into Navy service aircraft for fleet testing. These bearings were implanted with chromium and phosphorus ions to impede
corrosion during periods when the alrcraft are idle. It was demonstrated for the first time that single event upsets can occur in
dynamic random access memories and microprocessors when such devices are irradlated with high-energy neutrons or protons.
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NQuantitative single avent uapset susceptibility measurements werc made for Thigh-energy neutrons, »protons, and photons from
lahnratory acceleratnrs used to simulate radiations from nnclear weapons and those found in space. A 2.5 micrometer diameter beam
nf energetic 1lons was used to examine the single event upset sensitivity of individual cells {an 1AK dynamic random access
nemories, An  important new effect was observed namely that the susceptibility of a microcircuit to single event upsets is
incrzased hy the accumulation of total ionizing dose in the device. Bremsstrahlung induced energy straggling in intense electron
Yeams was shown to affect electron beam pronagation characteristics significantly., Monte Carlo calculations on radiation damage
mechanisms showed, contrary to a long accepted model, that the character of collision cascades andi damage clusters changes
entirely {f the channeling effect in crystal lattices is taken ilnto account. A new technigue was developed whereby explosives are
tnitiated hy high enerzy electron beams; this technique has made it possible to perform definitive experiments on the initiation
stages. The effects of alpha particle irradiations were observed for the first time on superconducting Josephson tunnel
junctinns. A new photoelectron technique for analyzing highly excited states of matter with syichrotron radiation was
demonstrated. This technique was successfully applied to materials irradiated with a pulsed laser. Unique wide-range x-ray
nptics were designed for synchrotron radiation beam lines to he utilized jointly by Naval Research Labonratory and National Bureau
of Standards at the National Synchrotron Light Source at Brookhaven. A multimillion degree plasma x-ray source involving
implosion of a hollow cylinder of gas was cnnscructed and tested. The photaon energy dependence of radiation effects in metal
oxide semiconductor devices was found to obey a model based on electron-hole recombination; previously these radiation effects
were thought to bhe independent of photon energy. High sensitivity direct atom counting of tritium gas was successfully
demonstrated at the Naval Research kaboratory cyclotron. Radiation damage and space performance of a number of advanced types of
salar cells, including gallium arsenide cells, were measured, for the first time in an actual space environment, on the Navy
Technology Satellite #2, A new formilation nf the theory of free electron lasers was developed. An analysis technique using
optical emissinns from sputtered inns has bheen developed and iavestigated. The electronic structure of point (vpcancy) defects in
aluminum was computed.

2. (J) FY 1982 Program: Effective October 1, 1982, several inn implantation work units were transferred from the Radiation
Sciences Suhelement to a new task area entitled: "lon Implantation for Materials Processing,” in the Materials Subelement.
Selected results of the inn implantation effort are also being transferred to a new Manufacturing Technology Effort. For these
reasons the FY 1982 Program descrihed here will be somewhat different from that cutlined 1{in the previous program element
descriptive summarles, m the occasion of this transfer it should bhe noted that {on implantation research in the MNavy was
initiated under the Radiation Sciences Subelement and developed to the point where the fmportance of {ts application to a wide
variety of materials was successfully demonstrated, The FY 1982 program will include the following areas: Techniques will be
developed ton extend the application of fon beam analysis tehniques to forelgn species and host combinations not now feasible; one
siuch new procedure will he tn detect x-rays or gamma rays in time coincidence with scattered incident {ons. The high energy
charped particle microbeam will be used to examine radiation damage, {onization effects, and single event upset mechanisms in 64K
dynamic random access memories and microprocessors and in specially desizned microstrucrires. Single particle effects and neutron
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amage investigations will be conducted on superconducting Josephson tunnel junction devices. Heavy cosmic ray fragmentation
ontributions to spacecraft radiation environments will be investigated experimentally and theoretically. The effects of intense
‘lectron beams on energetic materials, metals, composites, and ceramics will be examined. Theoretical calculations will be made
m radiation damage 1in various materials produced by nuclear weapons, space radiations, and directed energy weapons. The
ollisional and radiative decomposition of explosive molecules will be examined theoretically. Interactions of high energy
‘lectron beams with periodic magnetic structures will be investigated at the Naval Research Laboratory Linear Accelerator (Linac)
is a possible source of intense coherent radiation. Survivability of multi-kilowatt power sourcex for satellites wi{ll be analyzed
rith respect to nuclear and space radiations and lasers. Methods of improving the sensitivity of direct atom counting of tritium
m the Naval Research laboratory cyclotron will be evaluated. A new technique for detecting magnetic resonances opticaliy will be
1sed to obtain new microstructure information on radiation induced defects in various compound semiconductors. Laser induced
»lasma and annealing processes in semiconductors will be characterized by means of synchrotron radtation and the newly development
ixcited state photoelectron technique. The electronic and optical properties of semicondultor microstrutures will be assessed.
The initial phase of beam line design and coastruction for Navy use at the National Synchrotron Light Source, Brookhaven, will be
:ompleted. Investigations will be started with synchrotron radfiation on x-ray Raman scattering, production of submicron
strutures, and calibration of x-ray instrumentation. A new soft x-ray source will be used to measure spectra from materials being
Investigated theoretically by band structure techniques. The electronic and atomic structure of point imperfections, important in
radiation damage, will be completed and will include relaxation effects. Examinations of x-ray emission from mixed composition
slasmas will bhe performed with both the gas implosion source and a new high power laser source. Tmproved calculations of the
radiation of free electron lasers will be made. New theoretical approaches to the calculation electron channeling trajectories
111 he developed.

3. (J) FY 1983 and FY 1984 Planned Programs: The techniques of materials analysis by means of {fon beams will be applied to
>roblems requiring three-dimens{on non-destructive microanalysis of surface layers, such as those of advanced semiconductor
levices or ion-implanted metals. The microbeam at the Naval Research Laboratory 5 megavolt Van de Graaff will be developed into a
>ulsed bheam and will be used to study time dependence of damage and ionization effects in integrated circuits and 1in spectally
lesigned microstructures. The use of the seml-empirical reaction model will be extended to study reactlons 1in spacecraft
naterials produced by high energy protons in the trapped radiation belts. Radfation effects experiments and theoretical
Investigations will be (nftiated for varlety of new types of sensors fabricated with integrated circuit tehniques. Atomic
rollision theory will be applied to analyze the production of radiation damage, sputtering, Lon beam mixing and other effects
sroduced by energetic particle beanms, The production of tunable electromagnetic radiation from the interaction of relativistic
rlectrons and periodic magnetic structures will be studied. ®xaminations of radiation {induced defects 1in quaternary
semiconductors will be initiated. The effects of defects on compound semiconductor alloy systems will be investigated. The
relationship between radiation induced defects in semiconductor materials and the performance characteristics of devices made from
:hose materials will he studtied. Nonlinear stability investigatons will he made of electrons in undulator structures and will be
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related to free electron laser experiments. Investigations of interface states, atomic defects, submicron electronic structures,
highly excited states of matter (e.g. laser excited), and crystal structures will be initiated and carried out using the Naval
Research Laboratory facilities at the National Synchrotron Light Source. laser damage to exterior satellite components will be
analyzed and new tehniques for hardening such components will be examined. Direct atom counting will be attempted with relatively
low-voltage ion heam accelerators. ™“easurements of high speed changes in materials (e.g. shock-wave induced transformations) will
be Investigated with x-rays from plasmas. Interactions between ad jacent radiation induced point defects will be examined
theoretically, with applications to diffusion, annealing, and ion-induced materials modification. Syanchrotron radiation will be
used as a pump for parametric conversion processes in single crystals, for materials structural investigations and for calibration
of plasma instrumentation.

4, (U} Resources

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Suhelement 12 Radiation Sciences 3,604 3,000 3,495 3,718 = Continuing Continuing
1)
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(U) DETAILED BACKGROUND AND DESCRIPTION: Research in this subelement provides understanding of materials, devices and analytical
techniques needed for construction and improvement of advanced Navy/Marine Corps systems and capabilities. The program includes:
the chemical synthesis, characterization and processing of new and iwproved materials, {including polymers and solid state
materials; the physical chemistry of materials; the chemistry of electrochemical power sources; surface chemistry, {ncluding
reactions at interfaces, catalysis, and the electrochemical modification of surfaces; analytical techniques to solve material and
environmental problems; aand chemical theories related to the above.

(U) RELATED ACTIVITIES: Coordination 1is maintained through the Office of the Under Secretary of Defense for Research and
Engineering reviews and with the Army, Alr Force, National Aeronautics and Space Administration, National Science Foundation,
Department of FEnergy, and National Inst{tutes of Health by exchange of information on proposals and actions taken on them, and by
regularly scheduled meetings and reviews at which representatives of the agencies discuss {nterests and problems of their
respective programs. Coordination and jolnt planning of special areas, e.g., chemical warfare defense, are maintatned through
regular meetings of a working group of all Navy chemical research directors. Closely coupled basic research and exploratory
development projects are simultaneously maintained by Navy sclentists. Examples of such joint areas include electroactive polymers
and photochemical aspects of materials for information storage in computers. Joint projects among the services and with Defense
Advanced Research Projects Agency are frequently managed by Navy sclentific officers. Current examples include a jotnt Army-Navy
task at Colorado State University and a joint Defense Advanced Research Prolects Agency-Navy task at the University of
Pennsylvania.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Lahoratory, Washington, DC. (2) Industrial: IBM, Yorktown
Heights, NY; Lockheed Missi{les & Space Co. Inc., Palo Alto, CA; Union Carbide Corporatfon, Tarrytown, NY; EIC Laboratories, Inc.,
Newton, MA; (3) Academic: University of California, Los Angeles, CA; University of Texas, Austin, TX; Howard University,
Washington, DC; University of Massachusetts, Amherst, MA; University of Utah, Salt Lake City, UT; University of Illinois, Urbana,
IL;

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Past accomplishments include the following: Theoretical understanding and predictive
capability have been attained for the wettability of solids which led to numerous applications, {ncluding the invention of barrier
films for retaining oil in ball bearings. These barrier films have markedly improved the reliability and readiness of missiles and
continue to vield large savings in replacement and repair costs for navigational aids in atrcraft. A program for research in boron
chemistry led to the receipt of the Nobel Prize in Chemistry for one of the participants (W. N. Lipscomb, Harvard). This program
laid the chemical foundation for the current use of a boron compound as a propellant burning rate accelerator which significantly
improves weapon cffectiveness. Some recent accomplishments 1include the following: Clear fluoroepoxy polymers have been
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synthesized which, unlike conventional epoxies, are highly oil and water repelling. Fluoroacrylate polymers have been developed
which, after one year immersion absorb less than 0.06% water. The advantages of these highly environmentally resistant polymeric
materials include their high optical clarity and simple application (one component coating system). Initial funding of research on
polyacetylene led to the establishment of a new research fleld: conducting polymers. Some of this research has transitioned to
other government agencies and the public sector in the form of large industrial programs aimed toward the development of new, high
energy density batteries, while an ongoing naval research effort promises lightweight camouflage, shielding materials, and
electronic materials, Novel catalysts have been patented which utilize polymer support in a synergistic way for high reactivity.
These 1mproved catalysts have proved effective for the incorporation of carbon monoxide into useful organic compounds. This work
points a way to improved atmospheric control and to {mproved processes for naval materials. Microelectronic devices have been
developed as sensors to monitor polymer processing such as the cure of epoxy resins used in composites in high performance aircraft
and ships, This combination of polymer processing with microelectronic sensing offers an entirely new approach to quality coatrol
and lifetime assurance of critical structural materials. Research on chemiluminescent materials for marking and emergency light
sources has provided the highest, nonenzymatic chemiluminescent quantum yield ever reported, namely 34 percent versus the previous
record of 24 percent. Rechargeable lithium batterles with capacities up to twenty ampere-hours have been prepared on a laboratory
scale, These batterfes have cycle lives of about fifty cycles. These results suggest that rechargeable lithium batteries having
specific energles which exceed those of existing rechargeable batteries by factors of up to ten can be developed. A triple
quadrupole mass spectrometer has been {nvented and is being developed for atmospheric monitoring and analysis. This {nstrument
which 1is patented, has elicited considerable interest from commercial instrument manufacturers, Navy laboratories and National
Aeronautics and Space Administration.

.
2. (U) FY 1982 Program: In Chemical Materials, continued emphasis is being given to research on new electroactive materials for
electronic and electrical applitations, acoustic and thermal sensors, and countermeasures and camouflage. This research includes:
tailoring properties of flexible conducting polymers through evaluation of new dopants, mechanical effects (e.g., stretch
orientation) new dopant processes (e.g., electrochemical methods); evaluation of plezoelectric polymers focusing on thick films .or
underwater acoustic applications and promising new materials; work on novel conducting metal complexes which have potenttal for
improving electro-optical devices and electrochemical processes, The improvement of environmentally stable polymers continues to
receive emphasis, including: improved coating systems and toughened adhesives; aging and curing work to improve service life of
composite matrix materials; improved fire-resistant organic plastics obtained by fncorporation of fire retardant pendant groups on
the polymer backbone, The conversion of polymers directly to ceramic materials (e.g., silicon carbide) continues to be pursued,
with the objective to provide an efficient new technology for the preparation and processing of high strength temperature ceramic
fibers and bodies for composite reinforcement, turhine blades and heat exchangers. Research related to infrared decoy materials
and new polymers for acoustic camouflage will be initiated. Work is being expanded on linear and crosslinked fluoroacrylates as
new environmentally resistant coatings and plastics. Research will be expanded in the polymer processing science area to include
research on ultrahigh strength polymers for composites and lightweight armor. Regsearch will be 1{inttiated toward chemical

24
A mppngn s - - ’ -
L _ .
. -

R, ‘e -




—

Subelement: 13 Title: Chemistry
Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

modification of materials by 1{ion and radical implantation to improve the service lifetime of naval equipment. In analytfcal
chemistry, advanced chemical instrumentation to investigate the composition, performance and stability characteristics of materials
will be stressed. Non destructive evaluation methods for examining the cure states of polymers by nuclear magnetic resonance
techniques w#ill be Investigated. Rapid methods for the analysis of selected trace metals, dissolved organic materials and chemical
agents In seawater will be investigated. The Surface Chemistry program will continue to emphasize the chemical, structural and
electronic properties of intecfaces by addressing research areas that Include surface corrosion, passivation, adhesion and
lubrication, catalysis and heat transfer. Optical techniques for surface analysis will be examined with emphasi{s on instrumentation
for in situ chemical characterization of solid/solid and flutd/solid interfaces. A program on electronic materials will stress the
chemical and physical mechanisms related to the fabrication and characterization of electronic microstructures. This will include
efforts on instrumentation and methodology for quantitative chemical and structural analysis of the microstructures. A new
experiment2l program on laser stimulated surface chemical processes will be initiated. The wear resistance to laser-sprayed and
other coatings will be Investigated. 1In the Electrochemical Power Sources area, research to determine the electrochemical
properties of solid dielectrics, polymer based lonic conductors and electrolytes relative to their application to power sources
will be expanded. Research will be continued on the mechanisms of lithium cell charge and discharge processes and the interactions
of Lithium cell with electrolyte solutions. Research on the electrochemical fundamentals necessary to develop a battery Llifetime
predictive capability will bhe initiated.

3. () FY 1983 and FY 1984 Planned Programs: In Chemical Materials, emphasis on environmentally stable polymers including
elastomers and thermosets will continue. This will include the synthesis and evaluation of environmentally resistant coatings,
composite materfals and adhesives. Polymer research on novel processing methods such as cryogenic processing will be initiated to
provide new optilons for dealing with polymers which are difficult to process; emphasis will also be placed on nonequilibrium
aspects of processing. A new program will be inittated on carbon dioxide chemistry as {t pertains to the control of atmospheres in
submarine vessels. Research on Electroactive Materials will continue as the development of new electronic and electrical materials
for sensors and electrochemical, camouflage and countermeasures applications {s perceived as a critical need. In
Analytical Chemistry, the development of unique laboratory fnstrumentation and chemical sensors that can be applied to Navy needs
will continue to be emphasized. In Surface Chemistry research related to the chemistry of electronic materials and microstructural
fabrication will continue to be stressed. This research will include material synthesis, cluster properties identification,
chemfcal analysis of electronic materials, and work on the fabrication and characterization of micron-sized electrodes. The new
experimental program on laser stimulated surface chemical processes will be expanded. Research on the fundamentals necessary to
provide a battery state~of-charge and lifetime predictive capability will be continued. Solid electrolytes and their applicability
to power sources and other devices will receive increased attention. The electrochemistry of semiconductor materials will continue
to be investigated as it affects semiconductor performance as photodetectors and optical frequency converters, and for photoetching
applications. Regsearch to elucidate the fundamentals of electrode processes and their influence on power source performance and
reliabiiity will continue.
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4, (U) Resources:
Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 13 Chemistry 15,118 17,073 19,486 21,907 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: This subelement comprises research directed towards solving mathematical and analytical
problems in the Ffunctional military areas of logistics, manpower, {intelligence, acquisfition and procurement, systems and
operations analysis, aund command and coatrol; and towards providing new mathematical and computational tools useful for
requirements determination, planning, design, development, maintenance, and use of operational naval vehicles and systems. The
results lead to new techniques for the acquisition and processing of data for logistics and for recruitment and allocation of
personnel; to analytical and numerical methods for engineering design, and for estimation, evaluation and comparison of weapon
system requirements and performance; aand to more effective approaches to assessing and coatrolling system reliability, costs, and
schedule 1{n project management. The research 1s also pertinent to deriving theories and techniques of information processing,
storage and retrieval, and to the design of novel architectures for computing and information processing systems devices. The
effort 1Is conducted In the arcas of numerical analysis, mathematical programming, statistical modeling and analysis, digital
computer simulation, reliability theory, applied mathematics, systems and control theory, artifictal intelligence and robotics,
computer hariware and software, logistics and operations research, declsion theory and mathematical economics.

(U) RELATED ACTIVITIES: This research relates to efforts in the Army, Air Force, Defense Advanced Research Projects Agency,
National Sclence Foundation and the National Aeronautics and Space Administration. Active liaison is maintained with these
agencles through regular professional communication, through annual formal meetings such as reviews by the Under Secretary of
Defense for Research and Engineering, and through numerous joint conferences in selected technical areas. Significant support
relations exist with the Defense Advanced Research Projects Agency information technology research program, with the Navy
exploratory development programs under the Naval Materfal Command {n ship performance evaluation, manpower, logistics and command
and control, and with the advanced development studies and analysis programs of the Chief of Naval Operations and the Planning,
Analysis and Evaluation Office of the Department of Defense.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Ocean Systems Center, San Diego, CA; Naval Surface Weapons Center,
Stlver Spring, MD; David W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Research Llaboratory,
Washington, DC. (2) Industrial: Systems Coatrol Inc., Palo Alto, CA; Alphatech, Inc., Cambridge, MA; Bolt, Baranek and Newman,
Cambridge, MA; Danfel Wagner Assoclates, Paoli, PA; (3) Non~Profit: SRI International, Menlo Park, CA; (4) Academic: New York
University, New York, NY; Georgia Institute of Technology, Atlanta, GA; University of Southern California, Los Angeles, CA; Yale
University, New Hzvren, CT; University of Peannsylvania, Philadelphia, PA; Purdue University, West Lafayette, IN; Carnegie-Mellon
University, Pittsburgh, PA; Massachusetts Institute of Technology, Cambridge, MA.

1. (U) FY 1981 and Prior Accomplishments: Previous research in this program has led to logistics system improvement and material
maintenance management system policies and procedures now used by the Fleet; computer components such as magnetic core memories;
and control system concepts for aircraft and missiles. Computer processing techniques have enabled the Navy to allocate manpower
resources more effectively and have led to changed Marine Corps recruitment policies. More recent accomplishments {nclude a
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method of calculating lower bounds on reliability that {s being used to investigate highly reliable systems; the development of a
theory of aggregation useful in modeling and analyzing large, complex systems, which puts many ad hoc techniques on a rigorous
foundation; an approach to distributed decision modeling which {s being applied to describe decision making under the Composite
Warfare Commander doctrine; an improved tracking algorithm which is being further developed for incorporation 1into the E2C
surveillance aircraft for surface ship tracking; new data base architecture {deas which in simulations show dramatic improvements
in speed and throughput over previous designs; and an extension of so-called adaptive schemes for the numerical solution of
hyperbolic partial differential equations, the equations used to model many time-dependent fluid flow problems of Naval interest.
Adaptive schemes contribute to the more accurate and rapid solution of such equations and are important in attempts to automate
solution computation. Non-procedural languages have been successfully developed for financial accounting and budgeting
applications. Research in natural language has led to systems currently entering the commerical market place. Methods developed
for identifying and estimating jumps in parameters are being applied to fault tolerant control and cruise missile problems.
Improved computational methods have been developed for determining flow fields around complex objects above, on or below the water
surface. New optimization methods have been developed for problems in production and distribution modeling including design and
evaluation of storage alternatives under criteria of floor space utilization and materifal handling time and new concepts in job-
shop production scheduling.

2. (u) FY 1982 Program: Research in Numerical Analysis will continue to emphasize methods applicable to problems in mechanics.
It 1is planned to initiate a center for large scale scientific aomputing to integrate the research efforts of numerical analysts,
computer sclentists, and computational mechaniclans. In-house efforts to develop numerical methods for prediction of ship
hydrodynamic performance will continue to receive emphasis. Adaptive methods for efficiently solving partial differential
equations will receive increased attention. Analysis of algorithms will be pursued for enhanced Very Large Scale Integration and
other highly parallel architecture designs for applications {n signal processing and computational mechanics. Research in
combinatorics and complexity will receive less attention. Mathematical Analysis for use in space systems applications such as
surveillance, communications, navigation and environmental monitoring will be pursued. Particular emphasis will be given to
problems associated with improved orbit determination, control of large structures in space, image analysis and enhancement, and
nonlinear waves. Basic research in Artificial Intelligence will continue to pursue advances in Navy interest areas of providing
machines with human-like capabilities of vision, written and spoken language understanding, and reasoning or analytical
capabilities. Problems to receive special attention include more efficient mechanisms for machine representation of the
priorities of real world objects and events; achievements of machine understanding of the relationship between people, objects and
events coupled with the modeling of human factors; and creation of a dynamic, data drivea concept of coatext to distinguish
individual differences and preferences. Regsearch directed at advanced automation and robotics applications will be expanded.
Basfc research in Systems Analysis will emphasize mathematical techniques for the multisensor, multitarget environment of future
naval engagements arising in submarine targeting and ocean surveillance. Expanded efforts will address fundamental principles for
modeling of command-control functions, including risk analysis, multiple goals and distributed communications and decision making.
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In Statistics research will continue {in non-Gaussian signal processing. Statistical image processing and remote sensing reseirch
will be further expanded with applications to environmental remote sensing and ocean survelllance. Research {in computitional
statistics will emphasize the use of graphics techniques for analyzing high dimensional, large volume data sets. Additional
research in reliability and maintainability will be {nitiated. In Logistics and Operations Research, a major thrust will be made
in combining operations research/management sclence with advanced computer processing capabilities toward definition and solution
of large, complex resource allocation problems. The research will address ways to provide several projected alternative
strategies and associated possible outcomes for considerations by the decision maker instead of the curreatly available single
feasible solution. Facilities management will be another focus. 1In this area, research will hegin to bring together the various
disciplines needed to solve a wlde range of problems associated with industrial type shore factlities such as supply centers,
shipyards, Naval Air Rework Facilities and ammunition depots.

3. (U) FY 1983 and FY 1984 Planned Program: Research will continue to be driven by the need for advanced mathematical and
computational techniques for more effectively handling ILncreasingly complex and critical problems involved in Navy requirements
determination, planning, systems design, engineering, production, and resource allocation and command/control/communications.
Eifort will continue on numerical methods for applicatfon to advanced vehicle design velated to predlction and control of ships,
aircraft and missiles, and to models for ocean forecasting and explosive prediction. Investigation will continue {n mathematical
optimization, decision analysis, mathematical economics, scheduling, and sequencing and network theory applications to problems in
command and control, logistics, facilities management, manpower planning and ecomomic competition and conflict. Research in
computer hardware and software will emphasize artificial intelligence and robotics as it relates to the needs of command/control,
intelligence and maintenance, the software life cycle, interactive graphics displays as a tool for management, and expanded -ffort
on advanced architectural concepts for implementing very large scale integration. Research in statistical signal processing will
continue an emphasis on non~Gaussian processes. Airborne passive survelllance i(ssues will be {nvestigated. Research i{n plcture
processing and reconstruction related to environmental remote sensing by satellite will continue to receive strong emphasis.
Control theory research will concentrate on problems in large, distributed decision systems characterized by poorly understood
models, limited communications and incomplete information for application to command and control and to control of Vertical/Short
Takeoff and Landing aircraft. Applied mathematical research efforts will focus on combined analytical and numerical approaches to
problems arising 1in a variety of physical situations such as wave propagat.:n, fluld-structure interfaces, and elasticity and
plasticity. Mathematical inverse problems will receive increased attention.

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost -
Subelement 14 Mathematical Sciences 18,707 21,750 28,229 30,709 Continuing Continuing
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DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION: Research 1in this subelement i{s directed toward neeting long range naval operational
requirements in the areas of communications, command and control, navigation, electronic warfare, guidance and fire control,
avioales, surveillance, and anti-submarine warfare. The major areas of this research are: Electromagnetic Wave Propagation and

Radiation, involving generation, nropagation, reflectfon, absorption, refraction and scattering of electromagnetic waves, antenna
theory and rcradacr target detection and identification, and electronic warfare; Physical Electronics, involving synthesis
characterization and analysis of electronic materials and structures, 1{including semiconductor surfaces, 1interfaces and defects;
Solid State Electronics, including microwave and millimeter wave devices, ion implantation, radtation effects in solids,
integrated circuits, signal sources, and radiation detectors; and Electronic Systems and Communications Theory, including
faformation, circuit and control theory, network analysis, linear and nonlinear system theory, distributed processing, signal
cnding, signal processing and fault analysis.

(U) RELATED ACTIVITIES: Interservice coordination is accomplished through Office of Under Secretary for Defense Research and
Engineering vreviews and direct tri~service coordination; some significant efforts are supported jointly by the Army Research
nffice, Office of Naval Research, and the Air Force Office of Scientific Research. The Joint Services Electronics Program which
contracts with 14 universities i{s monitored by a Tri-Service Technical Coordination Committee to pravide a base of support for
proven sources of new electronics ideas and to ensure that work performed is of highest quality and relevant to Department of
Nefense finterests. The subelement is coordinated with Navy exploratory development programs and the Electronics and Electro-
Optics Strategy Group. Nther {mportant coordination {s provided through the National Science Foundation Interagency Group on
Materials and the Interagency Committee for Electronics Research in which representatfives of the Army, Navy, Air Force, Department
of Cnergy, Natinnal Aeronautics and Space Administration, Defense Advanced Research Projects Agency and the National Science
Foundation meet regularly to review progress and plans; to ensure adequate funding of critical areas and prevent duplication of
effort. Coordination is also provided through the Nffice of Under Secretary of Defense Research and Engineering Advisory Group on
Electron Devices.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Labnratory, Washington, NC; Naval Ncean Systems Center, San
Diegn, CA; Naval Weapons Center, China Lake, CA. (2) Industrial: I8M, T.J. Watson Research Center, Yorktown Heights, NY;
McDonnell-Douglas Astronautics Laboratory, Huntington Beach, CA; Hughes Research Laboratories, Malibu Beach, CA; Rockwell
International Science Center, Thousand Oaks, CA; (3) Academic: Harvard University, Cambridge, MA; Stanford University, Stanford,
CA; Ohio State University, Columbus, OH; University of Illinois, Urbana, IL; Colorado State University, Ft. Collins, CO; Texas
Tech Uaiversity, Lubbock, TX,
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(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Previous outstanding accomplishments derived from research under this program include
contributions to: atomic frequency standards and clocks; magnetron, klystron and traveling wave tube development; quantum
electronic devices such as the maser and atomic magnetometers; establishment of very low frequency propagation characteristics
underlying the LORAN-C and OMEGA navigation system; computer-aided design of integrated circuits and the development of the
gallium arsenide field-effect-transistor. At the present time, the forcing factors for this program element have been high speed
error free communications and radar, and reliable real time signal processing. In the past decade advances 1in semiconductor
components have led to an increase in the number of components per chip largely through decreased feature size, and to the
availability of microwave power concentrated Silicon and Gallium Arsenide devices. Substantial progress has been made to exploft
these advances for signal processing, communications, and radar. In the radar area, significant progress has been made {n our
capability to calculate electromagnetic scatter. This has been used as a tool to reduce the radar cross section of the Bl aand
other alrcraft. It has led to an exploratory development program in radar target classification. It is belng used to ({mprove
electromagnetic compatibility. Finally, the ability to calculate mutual antenna ifmpedance on any convex surface permits conformal
arrays to be built into the surface of any alircraft. In the signal processing area, significant progress was made in research on
a new class of semiconductor components, Gallium Arsenide, which operate with switching times in the order of ten picoseconds.
Both theoretical and experimental advances were made {n understanding the causes of defects in these devices. Defects reduce
manufacturing yield, and can lead to device failure. An improved understanding of Gallium Arsenide Shottky barrier devices
resulted from confirmation of a surface defect model for Fermi level penning. The predicted large ratio of electrons to holes {n
Gallium Aluminum Arsenide avalanche photo-dlodes was confirmed. A potential breakthrough in extremely high speed devices could
result from a demonstration that differential negative mobility in multilayer semiconductor heterojunctions is caused by the
transfer of hot electrons. The groundwork w s laid for a potentially higher speed than Gallium Arsenide technology; processing
technology was developed for metal-insulator-semiconductor devices on Indium Phosphide and devices were fabrclated. In the
communications area, the feasibility of a new signal processing technique, mnfnimum cross entropy was demonstrated. This will
improve communications {n jamming and high density signal enviromments. A much more precise forecast of communications
disruptions caused by solar flares was made possible by the discovery that the direction of the magnetic field at the flare site
determines whether or not a geomagnetic storm will follow.

2, (U) FY 1982 Program: Naval research in Electromagnetic Wave Propagation and Radiation will continue on both natural and man-
made disturbances of the electromagnetic propagation environment such as solar flares, gesomagnetic storms, and high power
electromagnetic heating. Theoretical and experimental research {s conducted on the interaction of intense electromagetic waves
with a beam driven magnetoplasma, Research on the radiation, propagation dispersion, scatter, and coupling of electromagnetic
waves will continue, with emphasis on radar target classification and developing analytical wethods for designing f(n
electromagnetic compatibility and designing out electromagnetic pulse radiation in future ships and alrcraft. Research on radar
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target identification will be expanded. The potential utilization of molecular species to produce spectra tailored to match
infrared signatures is beinp {fnvestigated. The application of artificial intelligence to fleet defense in an electronic warfare
environment is heing explored. In Physical Electronics, the structure of semiconductor surfaces, Interfaces and defects will be
continued; amphasis will he given tn problems of Jistortion and relaxation, and to total energy calculations. Nonlinear optical
spectroscopy of electronic defects will he continued, as well as research on effects of defect association. The nechanics of
defect formation, and potential methods of defect reduction will be studied for bulk compound semiconductors. Molecular Beam
Epitaxy facilities developed during FY 1931 will be used to grow novel structures and examine electronic material properties in
submicron geometries. Research on laser initiated surface chemical reactions will be started; growth of metastable electronic
materials will he 1nvestigated. In Solid State Electronics, theoretical and experimental research will be continued on ion
implantation, vradiation effects, and new materifals preparation. There will be continued research on interfaces between
senfconductors, metals, and insulators with goals for fmproving device reliability and capability; due to recent successes
{nsulators on gallium arsenide and indium phosphide will be emphasized. Investigations of multilayer and superlattice structures
will continue, with consideration given to novel device structure. The physics of weak link and silicon barrier Josephson
Junction devices will continue tn be {nvestigated for signal processing and millimeter wave detection. There will be a continued
growth in emphasis on the subamicron dimensioned physical structures and devices, and the physics and chemistry of submicron
fabrication processes. New millimeter and submtllimeter signal sources such as the solid state gyrotron and solid state magnetron
will continue to be {nvestigated both analytically and experimentally; and emphasis will be given to single chip millimeter wave
clrcuit technology. In Electronic Systems and Communications Theory, analog/hybrid fault analysis research will continue.
Analytic measures for fault testability and diagnosability will continue this will lead to more fault tolerant systems. Energy-
efficlent electronmic system Iinvestigations will he intensified to improve the efficlency of electronic power processing and
distribating ctircuitry, and to minimize the power requirements of signal/information processors. Communication theotry
investigatlon of the design and performance evaluation of communication/surveillance systems operating In or under uncertain and,
possibly, hostile conditions will be continued. Protocols, control, and routing algorithms for 1large networks will be
{nvestigated.

3. (U) FY 1983 and FY 1984 Planned Programs: In Electromagnetic Wave Propagation and Radiation research, a program on {nverse
electromagnetic scattecting and radar cross sectlon reductlon will be initiated. An experimental program to examine the robustness
of recently i{nvented extremely wide bandwidth, 1low cost, highly rellable, superresolution phased array antennas with vastly
improved antijam capahilities will commence. In Physical Electronics ongoing work on electronic structures will be extended and
the properties of a variety of insulating films on semicanductors will be investigated. Efforts in laser {nitfated surface
chemtcal reactions will be expanded, Superlattice structures Llnvolving a wide variety of semiconductor and metallic systems will
he fnvestigated. This has a high potentlal for orders of magnitude faster electronic devices than are available today. The
physics of dry processing of submicron compound semiconductors by plasma etching with electron and fon beam writing will be
exanined. In Solid State Electronics emphasis will continue on Increasing the reliability of semiconductor devices used in
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electronic clrcuits, The {nvestigation of the properties of surfaces aand interfaces of electronic materials will be maiantained.
The {avestigation of 1impurities and defects in snlids will continue in order to determine and control their effects on the
electronic and optical properties of solid state devices used in electronic clircuits and systems. The annealing process for 1ion
{mplantation doping of technologically important compound semiconductors will contlnue to be investigated to determine the
physical processes involved and to establish a sound basis for device fabrication. Single chip technologies in indium phosphide
and galllium arsenide for millimeter wave applicatlon will coatinue to be Investigated as well as analog and digital technologies
in indium phosphide. Fundamental studies of submicron structures, materials growth and device fabrication sclence will grow.
Research on mlcrowave power Interactions and amplification {n fleld emitter array structures will continue. Transitions are
expected in 6.2 support for part of this effort. In Electronic Systems and Communications Theory, research {nto fault recagnition
of large scale systems will be {ntensified. Using analytical measures for diagnosibility we will determine via system theory,
graph theory, and other techniques, system structures that are fault dlagnosable with respect to these measures. Rulas for the
design of very large scale Integrated circuits will be evaluated. The new effort on fundamental problems In electronic warfare
and electronic counter-countermeasures will be coatlnued. Theoretical work on random coding will continue toward improved choice
of signal waveforms, Efforts on robust signal processing and robust analog to digital conversion procedures be further
emphasized. The design of efficient protocols for the operation of computer/communication networks will be supported. Efficient
communication techniques for mohile-radius and mobile-vehicle systems will also be supported.

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 21 Electronics 22,457 27,051 27,727 29,010 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: Research {s directed at providing: the understanding and capabilities necessary to
predict and control the properties of materials used by the Navy/Marine Corps; definition of effects of anticipated in-service
environment on performance of materials; systematic Investigation of new materials needed for future Navy/Macrine Corps
applications. Areas of emphasis include: metals and alloys; ceramics, insulators and inorganic solids; composite materials; high
temperature and special performance materials; polymers; corrosion, deterioration and protection of naval materials; rad{ation-
resistant materials; materials processing and inspection.

(U) RELATED ACTIVITIES: Coordination of materfals research is provided through the Office of the Under Secretary of Defense for
Research and Engineering by yearly reviews and periodic counferences. The Navy Council on Materials and Structures provides a
forum for Navy coordination of materials research and development. the Navy materfals program is coordinated with the National
Aeronautics and Space Administration, Department of Energy, National Sclience Foundation, Bureau of Mines, and National Bureau of
Standards through frequent Interagency Coordination Group meetings. The Technical Cooperation Program coordinates matecials
research and development thrusts and results of the member countries (Australia, United Kingdom, Canada, New Zealand, and the
United States). The NATO Advisory Group for Aerospace Research and Development involves thirteen countries that meet semiannually
to discuss topical materials issues such as corrosion research and nondestructive testing. The Tri-Service Corrosion Coordinating
Committee surveys corrosion research and development in the DOD and holds regular conferences. Other materials interactions
include the Committee on Materials: Working Group on Rapid Solidification Technology, which involves several federal ageancies and
the DOD; the DOD/Natioral Aeronautics and Space Administration Composites Working Group (airframe and missile structures); and the
00D Working Group on Directional Solidification (high temperature turbine blading). The Navy {s represented on many techafical
groups such as the American Soclety of Testing Materials’ committee which meets twice a year to discuss test standardization
methods in fracture testing, fatigue, corrosion, composites, nondestructive testing, ship building, etc., and the American
Institute of Mechanical Engineering’s committee on research and development areas of titanium, fracture, powder metallurgy, etc.
Reviews of Navy programs are held annually involving other DOD, industry and university personnel in such areas as titanium
research, dome materials, sonar ceramic transducers, rocket nozzle materials, laser metalworking, rapid solidification and
protective coatings. Navy participation in the National Materials Advisory Board veviews is extensive.

(U) WORK PERFORMED BY: (1) In-House: Naval Research Lab;}atory, Washington, D.C.; Naval Surface Weapoas Center, Silver Spring,
MD; Naval Weapons Center, China Lake, CA; David Taylor Naval Ship Research and Development Center, Annapolis, MD. (2) Industrial:
Ford Motor Company, Dearborn, MI; United Technologies, East Hartford, CN; Martin-Marietta Labs, Baltimore, MD; Rockwell
International, Thousand Oaks, CA; General Electric, Schenectady, NY. (3) Non-profit: Southwest Research Institute, San Antonio,
TX; SRI International, Menlo Park, CA; Battelle Memorial Institute, Columbus, OH. (4) Academic: Carnegie - Mellon University,
Pittsburgh, PA; University of California, Berkeley, CA; Colorado School of Mines, Boulder, CO; Pennsylvania State University,
University Park, PA; North Texas State University, Denton, TX; Ohio State University, Columbus, OH; Harvard University and
Massachugetts Institute of Technology, Cambridge, MA; Rensselaer Polytechnic Institute, Troy, NY; Lehigh University, Bethlehem,
PA; Northwestern University, Evanston, IL; State University of New York, Albany, NY.
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ROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

U) FY 1981 and Prior Accomplishments: Ma jor past accomplishments include: clarification of strengthening and toughening
aisms in steel; new and improved techniques for processing materials; establishment of fracture mechanics approaches to life
ction of metals and ceramics; microstructure - property - processing information on titanium alloys; improved understanding
ser surface processing to lncrease pitting corrosion resistance. “ore recent accomplishments include: development of phase-
ibruim data for titanium alloys; heating and cooling rate models for laser metalworking; use of rare-earth transition
nts to improve hot formability in titanium alloy was transitioned into the Naval Sea Systems Command Exploratory Development
‘am; synthesis of new, fiher-reinforced glass ceramics with toughness comparable to aluminum was transitioned into Exploratory
opment; creation of new, full scale infrared dome material from a Zinc-aluminum-germanium glass is being evaluated for
iition into manufacturing technology; improved processing methods for silicon carbide reinforced aluminum composites;
:ification of grain boundary scattering as a critical limiting factor in the development of ultra low-loss, polycrystalline
:al  fibers; the finding that absorbed hydrogen damiges metals by lowering resistance to plastic flow; synthesis of new
.rostrictive materfals for transducer and microdisplacement applications has been transitioned into Exploratory Development.
lous research on superplastic forming of titanium has transitioned to aircraft manufacturing. Research on laser welding has
sitioned to manufaturing technology.

(U) FY 1982 Program: The Metallic Materials program includes research on the basic sclence of welding. This emphasizes
inisms of heat transfer and solidification during fusion welding using arcs, electron beams and lasers; factors affecting weld
lty and weld penetration are being deteramined. Research on the metallurgy of titanium alloys of naval interest 1includes
:ts of heat treatment on microstructure, phase equilibria, fracture behavior, welding, and nondestructive evaluation.
lnum-graphite composite fabricatfon 1{s under {nvestigation to {mprove transverse strength and toughness. Rapid
jification processing is being explored to produce unusual structures and properties in steels and amorphous alloys prepared
»wders and ribbons., Basic research on powder processing/consolidation methods is being initiated. Response of materials to
re environmental factors i{s under {nvestigation. Corrosion research emphasizes: localized corrosion processes; factors
raing protective coating adhesion and coating delaminatfon in corrosive eanvironments; research on environmental-enhanced
ture processes, such as stress corrosion cracking and corrosion fatigue; mechanisms of hot corrosion; research on the
idation of protective coatings using in-situ experimental techniques; new, non-toxic compounds for use as corrosion inhibitors
steels. In Ceramics, continued emphasis is on improved acoustic transducer materials and new concepts for toughening ceramics
use as infrared and radar windows. Control of the micro-mechanics of failure and thermal mechanical fatigue in fiber-
forced ceramics will continue. Research on new dielectric materials used for microwave modulation, ultrasmall capacitors, and
lnear devices will he initiated. In Special Materials and Techniques, research is in progress on magnetic and mechanical
:rties of amorphous metals, understanding the Interactions of microwaves with solids, the science of adhesion, investigations
Imensfonal instabilities in inertial guidance materials, and structure-property relattonships in carbon-carbon materials. In
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Polymers, research 1in the subelement {s coupled with work carried out in the Chemistry Subelement. It emphasizes environmeat-
microstructure relations, fracture behavior, and effects of defects 1In these materials under  applied loading.
Materials Processing research emphasizes novel processing routes (e.g. rapidly solidification) and the effects of processing
variatles on properties of materials, Special emphasis is being given to processing as a means of lowering strategic allcy
content while maintaining good magnetic properties in hard magnets. Life Assurance will include research on the mechanisms of
wear in marine seals and new materials for that application.

3. (Y) FY 1983 and FY 1984 Planned Programs: In Metals, the program will include research on factors that {nfluence mechanical
properties, deformation, and fracture modes in structural alloys. Emphasis will be placed on improving strength and toughness of
lightweight metal alloys. Processing effects on the structure and properties of titanium alloys will be emphasized. Research on
the sclence of welding processes will continue, Work on new high metal deposition techniques will be ialtiated. In Ceramics,
toughening ceramics for 1infrared dome and radome sensor enclosures will continue. Experimental work will continue on carbon
fibers and carbon-carbon nosetip and rocket nozzle materials. Wear, fracture, and design investigations will consider the
hehavior of ceramics as advanced warine seal materials. Work will be expanded on microstructural design of composites for
combined electromagnetic functions for such uses as acoustic transducers and sensors. Research on new dielectric materials used
for microwave modulation, ultrasmall capacitors and nonlinear devices will he expanded. Synthesis and characterization of advanced
multifunctional composites for application as sensors will be initiated. Activity on multiphase composites (fiber-refnforced,
second~phase particles) for toughening will be expanded. In Corrosion, new tools such as atom probe fileld-ion microscopy will be
used to gain additional information on corrosive processes on a fine scale never before achievable. Research on methods of
improving the performance of protective coatings will continue, as will research on hydrogen-induced damage of metals. In
Special Materials and Techniques, research aimed at understanding the physical and mechanical behavior of metallic glasses will be
actively pursued. Corrosion resistance of these materials will be inttiated. Characterization of the fanteractfon of aicrowaves
with solids will be carried out. Processing research will be expanded during this period to look at new types such as high
strength steels and aluminum alloys of novel compositions of materials. Unit processing operations, new methods of producing
metallic and ceramic powder, novel solidiffication and densification techniques, and chemomechanical machining techniques will be
explored. Research will continue on low cost, cobalt-free nermanent magnet materials emphasizing rapid solidification, powder~
metallurgy techniques,

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 22 Matertials 19,867 24,210 25,759 29,194 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: The objective of the research conducted in the Mechanics Subelement is to improve the
hydrodynamic and aerodynamic performance and structural design of Navy ships, submarines, aircraft, missiles, underwater weapons
and shore Installations, These improvements are needed on a continuing basis to insure the successful performance of Navy and
Marine Corps vehicles and systems. This objective is achieved through the pursuit of theoretical and experimental research
programs of very broad scope in hydrodynamics, aerodynamics, and structural mechanics.

(U) RELATED ACTIVITIES: Formal coordination of the research programs in the Mechanics Subelement 1is achieved through Office of
Under Secretary of Defense for Research and FEngineering Reviews, the Naval Sea Systems Command Hydrodynamics Advisory Committee,
the General Hydromechanics Research Council of NDavid W. Taylor Naval Research Ship and Development Center, the Navy Aeroballistics
Committee, the National Advisory Council on Materials and the Ship Structures Committee of the National Academy of Sclence, the
Flutd Mechanics Committee of National Aeronautics and Space Administration, and the National Boundary layer Transition Group.
Jeint research programs exist with: the Defense Advanced Research Projects Agency in selected hydrodynamic areas; the Air Force
and the National Aeronautics and Space Administration on a number of transonic flow problems and transonic tunnel measurement
techniques; the Defense Nuclear Agency and Naval Sea Systems Command on the shock response of submarines. Coordination with Naval
Alr Systems Command, Naval Sea Systems Command and the Air Force occurs {n the translation of research results into practical
applications, e.g., on projectile and underwater weapon design, crashworthiness tests and mechanical failure criteria.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Ocean Systems Center, San Diego, CA; Naval Research Laboratory,
Washington, DC; Mwvid W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Surface Weapons Center, Silver
Spring, MD; Nav. ' .nderwater Systems Center, Newport, RI; (2) Industrial: Grumman Aerospace Corp., Bethpage, NY; Aeronautical
Research Associates of Princeton, 1Inc., Princeton, NJ; Flow Research Co., Kent, WA; Boeing Commercial Afrplane Company, Seattle,
WA; Douglas Alrcraft Company, long Beach, CA; Dynamics Technology Inc., Torrance, CA; (3) Non-Profit: Franklin Institute Research
Laboratories, Philadelphia, PA; Battelle Memorial Institute, Columbus, OH; Southwest Research Institute, San Antonio, TX; (4)
Academic: Magsachusetts Institute of Technology, Cambridge, MA; California Institute of Technology, Pasadena, CA; University of
Southern California, Los Angeles, CA.; University of California, Berkeley, CA; University of Michigan, Ann Arbor, MI; Georgia
Institute of Technology, Atlanta, GA; Virginia Polytechnic Institute and State University, Blacksburg, VA; Applied Research
Laboratory, Pennsylvania State University, University Park, PA; Cornell University, Ithaca, NY; University of Arizona, Tucson,
AZ; Ohio State University, Columhbus, OH; Stanford University, Stanford, CA.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Past accomplishments have included significant contributions to hydrofoils and planing
craft, missile reentry, supercavitating marine propellers, prediction of ship motion due to wave interaction at sea, gas dynamic
lasers, fatigue and fracture mechanics of metals and composites, the reduction of frictional drag by polymer additives, numertical
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procedures for calculating transonic flow fields about three-dimensional wing bodies, and concepts for controllable-wall transoaic
wind tunnels to reduce adverse wall effects in aerodynamic testing. More recent accomplishments include: demonstration of
control of free shear layer growth through low energy active control of coherent turbulent flow structures; experimental
demonstration using surface heat pulses and active feed back control of the cancellation of naturally occurring instability waves
in laminar boundary layer flows; theoretical prediction of surface waves generated by a ship transom with comparisons with
experimental flow measurements; a method for predicting the acoustic energy radiated by vibrating submarine hulls; demonstrated
feasibility of new computational methods for solving the full Euler equations for three~dimensional transonic flow problems;
feasibility shown for new low frequency ultrasonic nondestructive evaluation method for Navy vehicle structures; a computationally
efficient simplified model for surface crack analysis; established plastic energy rate criterion for slow crack growth i{n elastic-
plastic materials; new sparse matrix method permitting meaningful direct simulation of three-dimensional turbulent flows. A
planned new {nitiative {in propellers for high speed alrcraft was not started due to a large National Aeronautics and Space
Administration initiative on the topic.

2, (U) FY 1982 Program: Hydrodynamics: The numerical calculation of free surface flows, previously concentrated on the potential
problem of ship wave resistance, will be extended to include the effects of viscosity. Computational methods for the prediction
of appendage flow fields and drag will he developed. Both of these thrusts are of primary importance to insure that Navy ships
are designed for minimum fuel consumption in every phase of their missions. Research to improve the hyrodynamic and noise
performance of ship and torpedo propellers will be undertaken, Experimental investigations of late wakes in stratified fluids
will be undertaken. Knowledge of wake development with time is essential in underwater vehicle detection. A major emphasis in the
use of compliant coatings for drag reduction in the case of turbulent boundary layers will be continued. Large reductions in drag
which will coatribute to substantial speed increases for underwater vehicles and weapons are being sought. Analytical methods to
predict wave forces, drift forces and rudder forces will be developed. Aerodynamics: Research on the numerical calculation of
flow fields about aircraft and missile components and configurations in which the effects of turbulence and viscosity are included
w#ill be continued. Boundary layer calculations on bodies of revolution which have been completed for low angles of incidence will
be extended to high angles of {ncidence and compared with experimental results, Investigation of the flow fields associated with
lifting jets for vertical and short takeoff and landing aircraft in the ground effect mode will be continued and extended to
include analysis of a jet in a cross flow. Performance of powered lift systems in ground effect can determine overall engine
sizing for Vertical/Short Take-Off Landing aircraft. Projects to determine the feasibility of spectral numerical techaiques to
predict both steady and unsteady flow fields will be initiated with the goal of efficient numerical load calculations for atrcraft
and missiles. Investigations of unsteady aerodynamics including oscillating flows and flows with separations will be continued.
Research on low Reynolds number aerodynamics applicable to low-speed decoy afir vehicles will be initiated. Structural Mechanics:
Efforts continue to improve techniques for machinery mounts to reduce vibration excitation of submarine hulls and the subsequent
radfation of acoustic energy. Research to improve the response of submarine structures to underwater explosions will be
continued. Analytical and experimental investigations of the flutter of aircraft/missile control surfaces will be conducted for
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various structural nonlinearities, The investigation of nondestructive evaluation techniques for determining structural
reliability will receive increased emphasis. Compression fatigue and low velocity impact of hybrid composite laminates will be
investigated to 1identify and quantify damage mechanisms and faflure modes for new composite materials which will be introduced
into the fleet in new aircraft over the next few years. Research on crack propagation will be extended into the elastic-plastic
regime and will include the effects of dynamic loading.

3. (U) FY 1983 and FY 1984 Planned Programs: Hydrodynamics: The numerical calculations of free surface flows, in_iuding the
effects of viscosity 1in selected cases, will continue to address more realistic and more coaplex ship-like configurations.
Research to extend similar numerical techniques to the calculations of the flow fields associated with marine propellers will be
continued with the objective of developing more efficient, quieter propellers. Emphasis will be given to the prediction of full-
scale propeller inflow velocity and pressure fields and to the determination of propeller-hull hydrodynamic 1{interactions.
Research on drag reduction through the use of compliant coatings and boundary layer heating in both the active and passive modes
will be continued and extended to include the effects of the {ntroduction of microbubbles and polymer additives into the houndary
layer. Research on ship hydrodynamics including resistance and powering, motions, maneuvering, stability and control, and
propulsion will be continued for both conventional displacement ships as well as high performance ships such as hydrofoils,
planing craft, surface effects ships and ships of the small waterplane area type. Numertfcal prediction methods for separation and
for modeling three-dimensional vortex shedding on submarine-~like bodies will be initiated. These areas are {mportant to both the
hydrodynamic performance and to the control of submarines. A new taitiative ia hydroacoustics will be undertaken with emphasis on
the importance of flow structure on the generation and near-field propagation of pressure fluctions. Aerodynamics: Research on
the calculation of aerodynamic flow fields will continue, with increased emphasis on the effects of viscosity and unsteadiness.
The central problem of the prediction of flow separation, 1{its location and effect on the flow field characteristics, will receive
iacreased attention. Research to improve methods for predicting the wave drag associated with configurations in supersonic flight
will be initiated. Research on the calculation of the flow fields about missiles at high angles of attack will he continued. The
aeromechanics of stored and deployed wings for cruise missile application will be investigated from the ponint of view of
interference and aerodynamic stability. Investigations will be initiated to determine unique aerodynamic charactistics of
aircraft designed for very low radar and infrared signatures to insure that the aerodynamic performance of such concepts is
satisfactorily integrated into new concepts. Regearch on the interactions of vortices and control surfaces tn the coantext of
missile stability will be continued. Basic flow phenomena associated with improved take off and landing performance for Navy
aircraft will be studied. Efforts toward improvement of numerical techniques for the calibration of turbulent flows in the
context of fundamental governing equations of fluid flow will coantinue. Research on the direct computational simulation of large-
scale aerodynamic turbulent flow structure will be expanded using advances in large-scale scient{fic computers. This basic
information forms the foundation for experiments and predictions to {improve wmissile and alrcraft performance.
Structural Mechanics: Research efforts to improve the capability of predicting the structural response of submarines to shock
loadings associated with underwater explosions will be continued and expanded to more complex and realistic structural geometries
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and to the case of nonlinear deformations of permanent nature in the elasto-plastic regime. Efforts to improve the prediction of
the acoustic energy radiation from submarine hull vibrations will be continued, including the reduction of vibratfon excitation
through the development of improved machinery mounts. An lavestigation of anechoic coatings will be conducted in the context of
reducing the acoustic energy reflection characteristics of submarine hulls. An effort to apply similar noise reduction techniques
to torpedoes will also be undertaken. The dynamic analysis of ocean structures with appropriate soil support interactions and
wave and current loadings will be continued. Real time assessment of failure of actual operating vehicle structures via limited
number of sensors will be examined, The analysis of aircraft wing/store flutter problems will be extended to more complex cases
and compared with laboratory experiments. In the case of the delamination failure of c - iposite laminates snecial research
emphasis will be gfven to the mechanics of crack arrestment and to the iavestigation of eff.ctive arresting techniques, Impact
damage growth under combined compression/shear loading will be evaluated. Fatigue tests will be conducted to determine the effect
of cycle rate and dwell time at load on graphite/epoxy laminates. These tasks are all directed t~'ards improved durabilty,

survivability and reliability for Navy vehicles.

4, (U) Resources:
Total
Fy 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 23 Mechanics 14,868 18,203 20,003 22,362 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: This subelement undertakes research to establish scientific and engineering principles
for the advancement of: energy sources and conversion processes for power and propulsion systems for aircraft, ship, and land
vehicles; energetic materials for propellants, pyrotechnics and armaments; power sources for portable and fixed {nstallations
including buoys and deep ocean systems. The subelement is subdivided into three Projects: Electrical Power Generation |{s
concerned with the processes of coaverting chemical and thermal energy dfrectly to electrical energy;
Chemical Propulsion and Armaments emphasizes the limits of chemical energy storage and the rates and mechanisms by which chenical
energy is released in such processes as combustion, deflagration, photolysis and detonation relative to solid propellants, fuels,
pyrotechnics and explosive systems; the Energy Utilization project encompasses investigations of new and improved power and
propulsion concepts for application to naval atrcraft, missiles and ships, through interdisciplirary fundamental and applied
research on the physical and chemical phenomena assoclated with coanversion, transmissfon, and ut{lization of energy into useful
power and thrust.

(U) RELATED ACTIVITIES: Research programs within the Energy Conversion subelement are related to activities of the Army, Air
Force, Department of Energy, National Aeronautics and Space Administration, Electric Power Research Institute, National Sclence
Foundation, Department of Transportation, Maritime Administration, and Enviornmental Protectinn Agency. The production of soot
from gas turbine combustion, Ffor example, is of Iinterest to the Air Force and Navy primarily frou the concerns for propulsion
effictency and aircraft detectahility and of interest to the Environmental Protection Agency from the concern for environmental
quality. Coordination of the efforts within the Energy Conversion subelement takes place through joint participation in program
sponsorshlp and program progress reviews. For example, programs within this subelement are jointly sponsored with the Army
Research Office on the synthesis and characterizatlon of Interhalngen oxiders at Rockwell International, on the abin{tio quantum
chemical calculation of explosive density and reaction pathways at Tohn Hopkins University, and on new materials charactertization
for electric machine brushes at Ohio State University. Fnergy Conversion programs in trihbology related to advanced mechanfical
seals are cootdinated through jointly sponsored conferences, such as, the National ieronautfcs and Space Administration/Navy
Workshops on Liquid Lubhricated Seals. Fundamental investiagations In tribology are closely coordinated with other agencles
through the joint sponsorship and conferences of the *“echanical Failures Preventinn Group. Efforts In marine propulsion are
reported and discussed with the Army, Afir Force, National Aeronautics and Space aAdminlstration, and the Department of Energy
through the Interagency Advanced Power Group. Certaln aspects of our heat transfer research are coordinated through joint
Navy/National Scilence Fnundation sponsorship of conferences, including the Multi-phase Flow and Heat Transfer Research and
Applications Symposia. The Energy Conversion subelement monitnr regularly participates in Alr Force Office of Scientific Research
program reviews on combustion processes.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Lahocatory, Washington, NC; Naval Surface Weapons Center,
Silver Spring, MD; Naval Air Propulsion Center, Trenton, NJ; United States Naval Academy, Annapolis, MD; Lawrence Livermore
Lahoratories, Livermore, CA; Naval Weapons Center, China Lake, CA; (2) Industrial: Aernchem Research Laboratory, Inc.,
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Princeton, NJ; feneral Atomics, Inc., San Diego, CA; lUnited Technology Research Center, Rast Hartford, CT; Westinghouse Electric
Corporation, Pittsburgh, PA; Mechanfcal Technology, Inc., Latham, NY; Aeronautical Research Assoclates of Princeton, Princeton,
NJ; AlResearch Manufacturing Company, Torrance, CA; General Rlectric Company, Philadelphia, PA; General Electric Research Lab,
Schenectady, NY; Calspan Corn., Buffalo, NY; (3) Non-Profit: SRI ~ Internatlonal, Menlo Park, CA; Combustion Institute,
Pittsburgh, PA; Battelle Columbus Lahoratories, Columbus, OH; (4) Academic: Princeton Univarsity, Princeton, NJ; Yale University,
New Haven, CT; Georgia Institute of Technology, Atlanta, GA; University of California, Berkeley, CA; Massachusetts Inatitute of
Technology, Cambridge, MA; fCalifornia Institute of Technology, Pasadena, CA; University of Akron, Akron, OH; Catholic University,
Washingtnn, DC; Arizona State University, Tempe, AZ; University of New Mexlico, Albuquerque, NM; University of Minnesota,
Minneapolils, MN,

(1) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Previous accomplishments follow: Advances in understanding of thermochemistry,
ignition and combustion of boron and alumlinum compounds, and of high-energy fuels and additives, have guided designs nf ramjets,
1ir-augmented rnockets and extended burning ramjets now under develonpment. Flunrine atnm generation salts have been synthesized
which promise to bhe superior candldates for chemical laser systems and for additives to increase the detonation pressure of
explasives, An investigation of methane combustion chemistry was completed with important {mplfcations to alternate fuel
technnlogy. A theory of the effect of inlet distortion on non-steady operation of rotors has been formulated and the experimental
neasutement of the fotces acting an rotar hlades has heen achieved. Advanced non-intrusive diagnostics have been developed for
use in measaring temmerature, velocity, and specles concentrations in combustion environments., Feasibility investigations of the
closed Brayton cycle, two-phase turhine, and liquid metal magnetohydrodynamic systems have heen completed. Electric machine brush
capabtlities have been improved by a factor of ten, yielding current densities of 1000 amps/square inch with lifetimes exceeding
3000  hours. From investigatinns of advanced electric machines a new design concept evolved and is now being developed by the
Naval Sea Systems Command, utilizing the improved brush capabilities. A theory and confiraing experiment:l data were obtained
which {llustrate performance {improvement of mechanical seals utilizing a controlled surface waviness. This seal has been
incorporated into a Naval Sea Systems Command Development program.

2. (J) FY 1982 Program: In FElectrical Power Generation, efforts to determine parameters governing the magnetohydrodynamic
production of electrical power from high temperature/high pressure plasma will be emphasized. The appropriate equations of state
will be detearmined and electrical ronductivities will he calculated. A proof=~of~principle test for a pulsed magnetohydrodynanic
approach will he continued, In Chemical Propulsion and Armaments, research continues to synthesize new organic structures
containing varlous oxidizing groups, high density polycyclic hydrocarbons and new energetic polymer bhinders. Dynamic fracture
investigations of simulated composite propellant and exnlosive materials will be continued to tmprove the understanding of the
deflagrat’ n  and shock to detonatinn transitfons. Work will continue tn {nvestigate the time-resolved decomposition of solid and
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liquid energetic materials, to develop catalysts for denitrogenation of shale nil-derived jet fuel, and tn provide materials for
infrared decoys and for excitation of laser radiation. In Energy Utilization emphasis {s on utilization nf laser 4iagnostics for
measurement of realistic flows typical of air augmented missiles and turbojet engines. Research will he continued on fiundanental
turbulent mixing and combustion, with emphasis on large scale turbulent structures and the state of mix. A  joint acadealc-
industrial program to determine the flow field and heat transfer in aircraft gas turbines has been {inltiated. Research in
tribology will emphasize wear mechanisms, wear theory, and investigations of the new seal concept which utilizes a contrnlled
surface waviness. The latter will include gas sealing phonomena and submarine shaft environmental considerations. Research
efforts on electric machine brushes will be reduced. In marine propulsion investigatioas of heat transfer ia couplex flows will
continue with Increased emphasis on heat transfer augmentation techniques. Efforts in altarnate i{mproved fuel utilizatinon will
continue with emphasis on combustion/vaporization characteristics as related to fuel properties.

3. (U) FY 1983 and FY 1984 Planned Programs: In Electrical Power Generation, theoretical modeling will continue on extremely high
tempecrature and pressure plasmas at magnetic Reynolds numbers greater than unity. {igh temperature/high pressure plasma sources
will be used to characterize self-excited magnetohydrodynamic pulsed power generators for directed energy applications. In
Chemical Propulsion and Armaments, investigations will continue on the dynamics of highly energetic chemical reactions to identify
candidate visible and ultra-violet laser systems. Chemical processes responsible for toxic products and smoke in organic fuel
oxidation will continue to be investigated in order tn reduce casualties from fires aboard naval craft. New dense diamondlike
nitramines and energetic thermoplastic elastomers will be synthesi{zed to enhance the effectiveness of solii propellants and
explosives. Blotechnology will he used to study fuel degradation. In Energy Utilization, research will continue in heat transfer
relevant to obtaining higher thermodynamic efficlencies, mote reliable heat exchanger design, and the kinds of fuels used and
their effictiencles. Increased emphasis will be given to tribological research toward achieving more reliable, longer operational
1ife machinery components. Improved reactive flow measurement and visualization techniques will continue to be sought that are
applicable to 1investigations of advanced af{rcraft and missile power plant performance. Planning s uaderway to refline
phenomenological models of soot formation in flames with advanced dlagnostic techniques which will lead to better engine
performance. Fundamental research on turbulent reacting flows and combustion wi{ll be extended fronm conventional turbojet
conditions to subsonic and supersonic combustion ramjet flows for advanced tactical missiles.

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Addit{onal Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 24 Energy Conversion 9,193 9,987 12,545 14,097 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: The objective of research in the 0Oceanography Subelement is to provide knowledge of the
environment for the design of future naval systems and the most effective use of present systems. Major emphasis {s to support
acoustic and non-acoustic undersea warfare, This includes research into the physical phenomena in the oceans (mesoscale eddies,
fronts, shear currents, surface mixed layer, internal waves, fine structure and turbulence), sea floor research (bathymetry,
sediment reflectivity, bottom benthic boundary layer, crustal structure, magnetics and gravity), analysis of the sound scatterers
and bioluminescene biota 1{n the ocean and their relation to the nutrients and trace elements so that the effects of these
environmental conditions and phenomena on undersea warfare may be understood and predicted. Of particular {mportance {s the
Investigation of satellite remote sensing techniques for synoptic monitoring of large ocean areas and the use of these data to
determine iInternal ocean dynamics and to provide an input for ocean numerical models. Other phenomenological and background
research areas include biochemical problems of pollution/fouling/corrosion; deflection of the vertical at sea for improved amissile
trajectories; improved sea/swell/weather forecasting and warship port design and maintenance concepts. This subelement represents
a major portion of the nation’s research effort in deep sea oceanographic disciplines which are vital to the Navy’s technological
superiority. Since this {s primarily a deep sea oceanographic program, some funds are used to develop oceanographic {nstruments,
recorders, computers and buoys; to operate, maintain and overhaul research vessels, {ncluding the purchase of winches, cranes,
generators, bow thrusters etc.; and to pay transfer expenses of ships. The pertinent research is broadly defined under seven
areas: Physical Oceanography, Chemical Oceanography, Marine Geology and Geophysics, fOceanic Biology, Ocean Science Engineering,
Ocean Acoustics and Ocean Optics.

(U) RELATED ACTIVITIES: The program 1is coordinated through formally established interagency groups such as the Federal
Oceanographic Fleet Coordination Council and a number of ad hoc and informal coordinating groups. Much of the research |{s
coordinated also with related efforts of individual agencies including the Natfonal Oceanic and Atmospheric Administration, the
Department of Energy, National Aeronautics and Space Administration, National Science Foundation, Environmental Protection Agency
and the Geological Suvrvey. Within the Department of Defense, research is coordinated with the Defense Mapping \gency, Defense
Advanced Projects Research Agency, Office of the Under Secretary of Defense for Research and Engineering, Naval Systems Commands
and the Office of the Chief of Naval Operations.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Laboratory, Washington, 0C; Naval Ocean Research and
Development Activity, Bay St. Louls, MS; Naval Postgraduate School, Monterey, CA; (2) Industrial: ‘*agnavox, Fort Wayne, IN; (3)
Non-Profit: National Academy of Sclences/Engineering, Washington, 0DC; (4) Academic: Scripps Institutlon of Oceanography, La
JolTa, CA&; Woods Hole Oceanographic Institution, Woods Hole, MA; Oregon State University, Corvallis, OR; University of Washington,
Seattle, WA; University of Hawail, Honolulu, HI; University of Rhode Island, Kingston, RI; University of Miami, Mfami, FL;
Columbia University, Lamont-Doherty Geological Observatory, Palisades, NY; Texas A&M Research Foundatfon, College Station, TX.
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(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (1) FY 1981 and Prior Accomplishments: A major result of oceanographic research of the last 10 years has been an {ncreased
knowledge of the variab{lity and Aistribution of mesoscale (10 to 300 km) features including fronts, rings, eddies etc. and a
transfer of this knowledge to the Fleet and to the modeling efforts in support of the Fleet Numerical Oceanography Center
products. Oceanographic instrumentation and technlques for measuring ocean fine and microstructure, turbulence, shear curreats
and 1{internal waves have given high quality data with good reliability, and are now being used by the Navy for evaluating non-
acoustic anti-submarine warfare concepts. Facilitles to analyze satellite remote sensing data have heen established at three
academic institutinons and two Navy lahoratories. Existing and recent data sets contribute to an understanding of water masses and
circulation patterns of the Norwezian-Greenland Sea and its connection with the North Atlantic via the strategically important
Greenland~Iceland~United Kingdom straits. Current meter moorings have been installed south of the Aleutians to measure, for a
period of a year, the dynamic eastward and westward flowing boundary currents. Direct measurements of the Gulf Stream volume
transport have been underway a year. Using acoustically tracked drop sondes, these measurements are acquiring cross-current
profiles at two-month intervals. Current meter moorings were recovered after heing in place for a year In the Kuroshio extension.
These meters have been redeployed for a second year to produce a current profile data over a total time span of two years.
Results of the Ocean Fronts Experiment in the North Central Pacific are providing detatled insight into the strong gradients of
physical parameters (for example: temperature) which can exist acrass an ocean front as well as allowing description of currents
near fronts. Such knowledge is important because of the potentially significant fmpact of fronts on acoustic propagatfon and
short wavelength nceanographic phenomena such as the {aternal waves and horizontal sheer currents. Measurements of internal wave
flelds with orthogonally directed doppler sonars have been made. A direct relationship has been found between ocean depth, age of
ocean crust, acoustic layering of the ocean lithosphere, and magnetic anomaltes, which will make possible improvement of seafloor
acoustic propagation predictions. A geophysical traansect of the sea floor has been made from the mid-Atlantic ridge to the U.S.
Fast Coast. This was made using two ships, each with air gun sources and a 36 channel, 3.6 kilometer long hydrophone array. 4
Global Positlioning System satellite navigator has been acquired for use on various academic research vessels as the first step
toward 1installation of Global Positinning System equipment on all such vessels. Experiments have measured the influence of
fronts and eddles on long range acoustic propagation and shortscale oceanographic phenomena such as {internal waves, fine
structure, horlzontal shear currents and turbulence. Improvements in chemical pre-concentration schemes and analytical chemical
techniques allow measurement of true background levels of ocean trace elements., Collecting efficiencies have been experimentally
defined for sediment traps that are used in meagsurement of the vertical flux of ocean particulates, and thereby the vertical flux
of nutrients, trace elements and sediments. Such data also provides more accurate baseline information for assessment of optical
systems of non-acoustlc Ant{-Submarine Warfare. Timelapse photography combined with current meters and temperature recorders
have given the first understarding of eplsodic high current events in the ocean’s bottom benthic boundary layer. An ocean bottom,
sefsmic propagation experiment off Baja Californla, in January 1979, with unprecedented high density of {instruments, enabled
simultaneous determination for the first time of velocity anlsotropy, absorption, lateral variability and scattering for both
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compressional and shear waves. This will provide a unique contribution to understanding of sonar paths interacting with the sea
floor. New effective acoustic reflection coefficients appropriate for wave theory have been used to investigate bottom effects.
Theory for flow noise reduction in oil-filled towed arrays has been verified leading to future higher speed towed arrays of
potential use for tactical sonar purposes. Acoustic tomography experiments have verified that the acoustic times are stable and
can be {dentified so that acoustic tomography has great potential for remote sensing of internal ocean dynamics. Tomography
combined with synoptic remote sensed satellite altimetry and sea surface temperature data, offer the possibility of coatinuous
monitoring of the internal ocean density structure and therefore the sound velocity structure required for sonar predictions.
Monte Carlo computer codes have been written for quantitative definition of optics of the sea surface and the upper ocean for
various cloud covers, sea states and suspended matter in the sea water.

2. (U) FY 1982 Program: Physical Oceanography: One year curreat meter moorings installed south of the Aleutians will be
recovered. The data will allow description of the boundary currents at 4000m and 5000m depths and comparison of these currents
with presumed tranquil water mass at a depth of 3000 meters. Direct measurements of the Gulf Stream volume transport at two-month
intervals will continue. The purpose is to understand better the downstream increase in Gulf Stream transport, Current meter
moorings re—installed last year in the Kuroshiro extension will be recovered. Insight gained from results of the Jaauary 1980
Ocean Fronts Experiment in the Pacific has been used to plan additional measurements of fronts which will be conducted this year.
Special emphasis will be placed on fine scale sampling near the front. Parameters to be measured include temperature, salinity
(conductivity) and current. These significantly influence sound propagation as well as internal waves and shear currents.
Mooring technology, hardware and instruments developed over the last two years will be used to establish several moorings at 34°N
70° in a Long Term Upper Ocean Study. This planned two-year mooring will provide data to relate local meteorology with currents
and temperature structure of the upper 500 m of the water column. Chemical Oceanography: Contfnued emphasis will be placed on
the biochemical interactions between nutrients, trace elements, phytoplankton and zooplankton, so that their short wavelength
distribution may be understood and predicted. Knowledge of the short wavelength distribution, 1is a research field that oanly the
Navy supports and is essential for evaluating various aspects of non-acoustic ASW. Marine Geology and Geophysics: Data from the
Atlantic geophysical transect will be analyzed to examine sediment structure and crustal variation from the young nid-Atlantic
Ridge crest to the older seafloor along the U.S. East Coast. A Seabeam (multibeam echo sounder) has been Installed on the
academic research vessel RV Thomas Washington. Seabeams will eventually replace all the single beam echo sounders used
heretofore. These have 20 simultaneous beams and map a swath of bottom bathymetry. This technology is expected to revitalize the
exanination of seafloor morphology and will be used in an extensive experimental program. A deep towed instrument package has
been used to collect bathymetry, sub-bottom profile and side-scan sonar data for the Scotian Rise. These data will be analyzed to
select a site for a major future cxperiment to {nvestigate the high energy benthic boundary layer. Construction will continue on
a deep towed geophysical array which {s being built to provide a detailed measurement of the continuity of shallow seafloor
sedimentary reflectors. Oceanic Biology: Emphasis will continue on integrated research on all aspects of blodeterioration
{ncluding fouling, boring and related marine corrosfon studies, Emphasis will continue to be placed on bioacoustic probdlems,
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especially the distribution, composition and behavior of sound-scattering organisms (which cause volume reverberation). Research
programs on "bioturbation”™ (the distribution and ecology of bottom organisms and thelr interaction with the sediment),
microbiology, and the distribution, physiology, and interaction of biloluminescent organisms will also be emphasized. Work will
continue in the application of recombinant DNA techniques to develop an understanding of the process by which surface-attaching
mirine bacteria foul fresh surfaces in the marine environment. Ocean Science Engineering: The ocean technology project will
continue development and testing of an aircraft deployable nceanographic data gathering mooring for open ocean and Arctic
applications. Transition of the technology of the open ocean version to Exploratory Development/Advance Development will begin.
Data will be analyzed for sea tests of a high speed (10 knots) optical biological sampler. Magnetic bubble memory data recorler
design and fabrication will continue. Basic research will continue in order to develop an undetrstaading of natural processes
causing shoaling and affecting flow in Navy harbors. A completed high data rate ocean bottom seismometer recorder description
will be published. Ocean Acoustics: Analysis of data resulting from a major ocean acoustic tomography experiment will allow an
evaluation of how well the acoustic transit time data can be inverted to give the physical oceanographic structure and therefore
the sound velocity profiles of the intervening ocean. The experiment area was a 300 kilometer square between the Bahamas and
Bermuda. Four acoustic source moorings, four receiver moorings and three environmental moorings were used. The Natfonal Science
Foundation and the National Oceanographic and Atmospheric Administration are participating agencfes. A major seafloor propagation
experiment will be run along a 600 kilometer line in the Philippine Sea. This line will be orthogonal to the track of the 1981
Philippine Sea propagation experiment and will allow examination of velocity anlsotropy. The measurements will also expand the
work in lateral variability, attenuation vs depth and shear waves. Analyses of the high frequency (5 to 20 hertz) macine selsmic
earthquake phases will be continued in an attempt to determline what in the str cture of the ocean lithosphere makes these very
efficient propagation phases possible, Presumably there is a low velocity l: '‘er serving as a propagation duct similar to the
ocean’s sofar channel, Theoretical computations of propagation in a random me .a will continue. Theoretical work has improved
the performance of the parabolic equation solution to the wave equation making it possible to calculate high angle rays. Results
will transition to exploratory development. Joint programs with the Oceanic Biology program in the Office of Naval Research will
continue to investigate biological scattering in the frequency range from 40 kilohertz to 3 megahertz. Ocean Optics: A model for
simulating the ocean optical propertfes in depth and time is being developed. Theoretical examinations and planning for field
measurements will be conducted.

3. (U) FY 1983 and FY 1984 Planned Programs: Physical Oceanography: The major oceanographic mooring at 34°N 70%°% will be
serviced at three-month intervals for two years. Resulting data will be used to investigate long-term upper ocean variability
including internal waves and shear currents. Data from the long~term current meter moorings {n the Kuroshiro extens{on and south
nf the Aleutians will be analyzed. Analysis and experiments will continue to develop relatioans between synoptic satellite sensed
sea surface temperature data and the internal ocean investigation of the Antilles Current that flows to the northwest from the
Windward 1slands to the Bahamas will continue, The two long term program goals in physical oceanography are to determine the
potential of physical oceanographic phenomena {n the upper ocean for non-acoustic Anti-Submarine Warfare and to develop ocean
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prediction methods for numerically modelling the ocean primarily for sound velocity or sonar predictions. Chemical Oceanography:
New continuous flow, chemical analytical methods using flow thru ocean samplers are being developed to define the sources, sinks
and chemical gpeciation of the ocean trace elements of interest to non-acoustic Anti-Submarine Warfare. Evaluations will continue
for electrochemical sensors (anodic stripping voltametry), atomic absorption spectroscopy, and gas chromotograph-mass
spectrographs combined with trace element preconcentration schemes. These will be coupled to underway, multiport pumping systems
for obtaining continuous water samples from the upper ocean. Marine Geology and Geophysics: The experiment will take place on
the continental rise of[ Nova Scotia to study the high energy benthic boundary layer and its control of the seafloor morphology
and the physical properties of seafloor sediments. The bottom lander for the benthic boundary layer experiment, with six-month
recording capability, includes current meters to measure ocean currents from 1 centimeter to 100 meters above the seafloor,
nepholometers to measure the sediment load carried by the bottom currents, Reynolds stcess meters to measure the forces at the
seafloor and time lapse photography to record the eroslon of the seafloor as a function of curreat velocity. Oceanic Biology:
Investigation of attachment mechanisms of surface-fouling marine bacteria will coatinue by application of recombinant DNA
techniques. Analyses will determine the effect of seafloor blota on the cohesive strength of hottom sediments. Emphasis will
continue on blodeterioration which will investigate inittal zooplankton metabolic deposits that initiate the corrosion process,
and on bloacoustic problems such as false targets from whales. Ocean Science Engineering: Transition of the open ocean air
deployed oceanographic mooring system will continue. Fleld tests of the Arctic version will be conducted. Basic research on
warship ports for domestic and overseas operations will continue with emphasis on natural processes causing shoaling and on new
concepts for plers. Theoretical experimental data on the effects of deep water hreaking waves on ocean engineering design spectra
will be established, and new theoretical insights on wave and current structure interactfon will be published. Ocean Acoustics:
A scientific tomography experiment will be conducted; such as an investigation of the Norwezlan overflow, the Gulf Stream
trangport or equatorial trapped waves. This experiment will require major hardware developments {ncluding a broadband acoustic
signal source, stiff moorings and satellite links for data relay. Ocean Optics: Fleld measurements will be made of optical
propagation and scattering for the upper 100 meters of the water column. These results together with data describing solar
irradiance, meteorological and physical oceanographic properties will be used in predictive m~del assesment.

4, (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Add{tional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 31 Oceanography 43,088 51,139 51,768 58,653 Continuing Continuing
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) DETAILED BACKGROUND AND DESCRIPTION: The objective of this research is to provide improved understandiniy and predi-tion
pability of environmental and geophysical conditions which affect Naval personnel, systems and operations {n Arctie, {nlaad,
allow water, coastal, atmospheric and space environments. Research is conducted under the general headings of Coastal Sciences,

ctic Research, Farth Physics, Environmental Factors, and Surface Wave Scattering.

Afr Force, and the Office of the

) RELATED ACTIVITES: ?rograms within the subelement are formally coordinated with the Army,
af

der Secretary of Defense for Research and Engineering by means of apportinnment and technolegy base reviews held by Offlce
& Undersecretary of Defense for Reseach and Engineering each year, by formal Subelement Reviews within the Navy, by wide-spread
stribution of program reports and by discusslons with the Navy Environmental Remote Sensing Coordinatioa and Advisory Committee
id the Interagency Geophysics Discussion Group. Government-~wide coordination occurs through membership in several Interagency
id National Academy of Sciences Committees concerned with environmental problems. Interchange of informatinn on coastal
‘lences, earth physics, and Arctic sclences {s maintained with the Defense Intelligence Agency, Defense Mapping Agency, CIA,
L\VAIR, NAVSEA, National Aeronautics and Space Administration, National Oceanic and Atmospheric Administration, Havironmental
‘otection Agency, U.S. Geological Survey, National Science Foundation, U.S. Army Corps of Eagineers, and the Defense Research
roup and the Military and Science Committees of the North Atlantic Treaty Drganization. The FEnvironmental Factors Project is
»ordinated with the Navy Ionospheric/Space Research Program Steering group, Nuclear Weapons Effects Planning group, Defense
1~lear Agency, and Defense Advanced Research Projects Agency, as well as those listed above. The Surface Wave Scattering Progran
F the Naval Research Laboratory is coordinated with Exploratory and Advanced Development projects within the* Department of
pfense, and with Naval Air Systems Command, Naval Material Command, Naval Electronic Systems Command, PDefense Metenrological
itellite Program, and the Natlonal Aeronautics and Space Administratfon,.

J) WORK PERFORMED BY: (Representative) (1) In-House: Naval Ocean Systems Center, San Diego, CA; Naval Postgraduate School,
>nterey, CA; Naval Research Laboratory, Washington, DC; Naval Ocean Research and Development Activity, Bay St. lLouis, 4§; Naval
nderwater Systems Center, New London, CT; (2) Industrial: Environmental Research Institute of Michigan, Ann Arbor, 4I; Phoenix
>rp., MeLean, VA Underwater Systems, Inc., Rockville, MD; Telecommunications Enterprises, Panama City, FL; Lockheed Corporation,
mnyvale, CA; Applied Science Associates, Apen, NC; Applied Sciences Technology, Arlington, VA; 1.S. Technolngy, Fort Lauderdale,
Ly  (3) Academic: University of Alaska, Fairbanks, AK; University of Virginia, Charlottesville, VA; University of Texas, Austin,
K; Colorado School of Mines, Golden, CO; Hawall Institute of Geophysics, Honolulu, HI; iniversity of Kansas, Lawrence, XS;
>uisiana State University, Baton Rouge, LA; Oregon State University, Corvallis, OR; Pennsylvania State Unlversity, State College,
A; University of Washington, Seattle, WA; Columbia University (Lamont-Doherty Geological Observatory), Palisades, NY;
13sachusetts Institute of Technology, Cambridge, MA; Scripps Institution of Oceanography, La Jolla, CA; Stanford University, Palo

lto, CA.
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. (U) FY 1981 and Prior Accomplishments: Previous accomplishments include: A self contained LORAN C/D location capability has
been added to the 1low cost coastal-ocean data buoy. An analog model analysis capability has been added to the coastal data
referral system now operational at the Naval Oceanozraphic Office. A laser/acoustic bathymetry and mine detection system aboard
ship has bheen successfully demonstrated under field conditions. A multtivariate prediction techaique for a seasoa-in-advance
estimation of-cyclone frequency and patterns in the North Atlaatic has been developed for surface and ASW applications. A model
has heen developed that uses heat flux equations to predict water temperature in well mixed continental shelf waters, thus
enabling better predictions of sound speed profile. An Arctic ice station (FRAM [II) was established to develop an improved
understanding nf Arctic underwater acoustics and physical oceanographic dynamics; electromagnetic signature responses of sea ice
at various frequencies; and to determine Arctic geophysical fabric of the ocean floor, and the linear relationship between 1ice
stress dynamics gradients and ambient noise level under Arctic fce cap; all of which leads to an Improved ASW capability in the
Acctic, Development of accurate ocean tide prediction by means of sea floor/coastal gravity inversion, completion of low cost
buoy system for measurement and transmission or wave, tide, surface temperature, and current data via over-the-horizoa radar link
for 1improved coastal and amphih{ous operations. Published compendfum of Extremely Low Frequency electromagnetic fields produced
in afr by electric and magnetic dipoles under sea water in both vertical and horizoatal positions; and of fields produced 1in
seawater when the dipoles are in the alr for electromagnetic communications thrnugh the air/water interface. Also demonstrated
positive correlation between energetic particle precipitation and excessive attenuatfon of Extremely Low Frequency radio stgnals
of mii- and high-latitudes w#hich affect both tactical and strategic communications. Transition to Air Force/Defense Advanced
Research Projects Agency of project to examine low range (low attenuation) seismic (pressure and shear -+aves) nuclear test
detectlon; publication of key geomagnetic variational chaacteristics and {ndices for improved navigation and missile guidance.
More recent accomplishments include: Completion design of wave packet refraction model for effects of distant storms on waves
approaching coasts; and generation of new, efficlent coastal data referral system and transfer of operational aspects to Naval
Oceanographic Office for {mproved cnastal and amphibious operation. Formulated and transferred ice distribution models to Naval
Ocean Research and Development Activity to modify for operational evaluation and verification. Completed design, fabrication and
testing of the Stimulated Ealssion of Energetic Partlcles (SEEP) Satellite Experimental package for measuring the effects of very
low frequency radio waves on magnetosphere particles and the tonosphere, which may lead to better tactfcal and strategic
communications; developed 1improved signal processing algorithm for seismic location of hostile artillery/vehicles; established
characteristics of electromagnetic sea floor propagation by the lateral wave mode; and published signal-to-noise characteristics
of selsmic vs. acoustic detection as nart of study to help overcome acoustic surveillance deficiencies in continental margin
areas. Established transition project to determine mean low water reference level to meet Defense Mapping Agency requirement for
accurate, worldwide coastal navigation charts. Development and evaluation of radar scattering models and theory and experiment in
wave-wave interaction. Laboratory, tower, and aircraft radar measurements of wave spectra, currents, and winds using high
frequency, X-band doppler, pulse-limited, and Delta-K radars. Development of millimeter-wave radiometric imaging systems and
performance of first airborne measurements of sea, 1ce and coastal environments with millimeter-wave length electromagnetic
imaging system which {ncreases all weather operational capability.
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2. (U) FY 1982 Program: Arctic Program: Continue acoustic experiments to {avestigate reverberat{on, ambient noise, propagation
and sediment dynamics {n the Barents Sea and eastern Arctic, as well as effects of the environment such as thermal fronts, ice and
shallow water to {mprove Anti-Submarine Warfare operations in the Arctic. Continue buildup of gpecial focus program 1in the
Marginal TIce 7Zone to extend the horizon of knowledge of the sea-air~ice interaction and the geophysical dynamics, to Increase
capability to predict enviroamental effects on naval operations in and near {ce covered oceans. The Marginal Ice Zone is a vital
transition area from the temperate oceans to the ice-covered oceans. This new initiative is to provide hypotheses, models and
experiments to develop a reasonable and accurate predictive capability for operating forces using this transition region. These
efforts will 1include iuvestigations of an ice edge prediction model, ocean fronts and eddies, up and down welling effect on
intermediate water formation, acoustic ambient noise and propagation, effect of the ice edge on synoptic weather, and optimum
passive and active microwave remote sensing techniques and frequencies for observing synoptically key sea 1ice and ocean
parameters. Continue programs in sea ice physics, electromagnetic transmission through sea ice, energy exchange processes, ice
production, distribution and drift, geophysics, oceanography and meteorology, particularly Arctic aerosols (pollutants), all of
which relate to increased operational capability in polar regions. Coastal Sciences: Continue hasic research i{n coastal dynamic
processes and responses as they relate to regional and local forcing functions and as they impact coastal and amphibious warfare.
Emphasis will be placed on complementing research of strategic straits by developing an understanding of large epicontinental sea
dynamics, physical structure, wave aad curreat regimes, and sediment transport so that an integrated plcture of the coastal
environment can be developed. Continuing research on stralts will {nclude the hydrodynamic, acoustic, and geophysical conditions
in strategic straits areas relying ch participation in field expeditions to several key areas in cooperatfon with other Navy
groups; the coastal data referral system will continue to be expanded with input from Buropean and other {nterested NATO countries
to enhance Naval operations in coastal areas worldwide. Remote sensing research will continue to emphasize electromagnetic and
optical energy exchange with sea and land surfaces for measuring physical conditions at and beneath the surfaces which {mpact
tactical and strategic operations; a project will begin on developing a covert, long-range communication system for ship-to-ship
or =shore wusing the 1low cost disposable huoy system. Transition the television navigation/location system which improves
navigation/location accuracy to exploratory development. Earth and Physics Program: Examine spatial and temporal geomagnetic
fleld fluctuations and improve prediction methods for better missile guidance and navigation. Evaluate the potential of seismic
detection as a complement to acoustic detection in shallow water by resolving energy partitioning, propagation properties, and
signal-to-noise characteristics as a function of frequency, water depth, geologlc structure, and bottom materials; to improve
surveillance capahility. Use coastal and sea floor tidal gravity measurements and available satellite altimetry data to {improve
worldwide tidal prediction. Conduct research on modeling of lateral electromagnetic waves to evaluate propagation along and in
the sea floor for improved navigation and communication. Ionospheric Science Program: To improve tactical and strategic
communications, complete launch and on-orbit phase for Stimulated Emissfon of Energetic Particles Satellite Experiment and start
data analysis and modify Microwave Radiometer so that absorption and emission spectra of upper atmosphere water can be measured
(monitor only) also continue {onosphere modeling; generation of long wave signals in the {onosphere, worldwide radlo noise
measurements, and theoretical 1investigation of cable antennas for submarine communicatlions; continue theoretical research on

Sl




—t

t s
!
1
'
—_ !
.
|
1
Subelement: 32 Title: Terrestrial Sciences
Prozram Slement: 61153N Title: Defense Research Sclences
Dod Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

remote detectlon and classification of low altitude nuclear bursts at sea, Continue research on naval system vulnerability to
wuclear bhurst effects. Surface-Wave-Scattering: To maxinize use of remote sens{ng tool to support Naval operations, will
accomplish: Analysis of wave, curreat and radar scattering data from Maritime Remote Sensing experiment. Analvsis of ielta-K
data wave measurement data from hellcopter measurements. Development of 220 gigahertz imaging radiometar, measurements of ice,
ncean  targets, and terrain, Nevelopment of 90 gigahertz radar for precision measurement of land, 1{ce and ocean scattering
characteristics. Shipboarl measuraments of directional wave spectra with Remote Ocean Wave Spectrometer and Delta-K radar
techaiques.

3. [@)) FY 1983 and FY 1984 Planned Programs: Arctic Research - Continue multidisciplinary rescarch projects in the fields of
fce physics, physical oceanographv, geophysics, acoustics, hlology and Arctic environmental remote sensing to enhance Naval
aperations 1n polar enviconment, Program will continue eaphasis on the Furasian Basin and East Greenland, Barents and Norwegian
Seas using satellite, afrcraft, surface and subsurface data gathering platforms, leading to improved measurement and forecasting
of sea lce, acoustic, radlatlon balance, and other environmental and geophysical conditions for Arctic submarine, ship and air
nperitions. Continue Arctic climatic research with focus on aerosols and prediction of sea ice distributioa in order to predict
affects on polar operatinons. Accelerate research In the marginal ice zone {n the Greenland/Barents/Bering seas with major field
pcozram  in  FY 1983 in cooperation with other U.S. agencles and foreign countries (i.e., Norway). Continue research using a
passive microwave imagery and radiometry radar to measure the properties and distribution of sea ice. Coastal Sciences -
Cont inue interdlsciplinary  hydrodynamic-aerodynamic-morphodynamic research on Thighly variable estuarine,  continental
shelf/epicontinental sea enviroaments to improve Navy and Marine Corps operations in coastil eavironments worldwide. Continue
multidisciplinary research of strategic sea straits in conjunctlon with U,S. Naval Oceanozraphic Office cruises, other ships of
opportunity, and foreign logistics support to Increase data base. Continue research on electromagnetic and optical remote sensing
capahilities for measuring coastal conditioas to provide an all weather, remote, data gathering capability. Upgrading of coastal
information referral system will continue along with airborne-acoustic and fluorescent remote sensing techniques to increase data
base and widen geographic coverage. Earth Physics - Continue seismic detectlon and signal processing programs, combining seisamlc
and statistical theocetical considerations both for shallow water and hostile artillery detection. Analyze theoretically the
potential of gravity gradiometry for precise navigatlon, obstacle avoidance and geold mapping. Develop modernized instrumentation
and  improved data processing for deep sea and shallow water tidal oredictions, {includiag analysis of satellite altimetey to
enhance planalng and operations in coastal environments. Improve models for marine related electromagnetic propagation, and solid
earth properties. Expand effort in geomagnetic noise pruediction in order to (improve surveillance and navigation.
Ionospheric Sciences Program -  Analyze wave-particle lnteractlon data from Stimulated Emission of Energetic Particles Satellite
Experiment to determine {mpact on communications, Add water measuring capability to microwave radiometer for upper atmosphere
water measurements which lacreases use of remote sensing to support Naval operations. Select either cable or peninsula antennas
for experimental verification and planning of communicatlon expecriment for better tactlcal and strateglc communications. Continue
investigation »f worldwide radio noise at long wavelengths; nuclear test detectinn at sea; ionosphere modeling and electromagnetic
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